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PHONE AND PHONOGRAPH. 


- fowArp thé close of 1877, the. publi¢ mind, which 
for twelve months previously had been fairly’ over- 
whelmed with the discoveries of scientific investigators, 
was again excited by the announcement that Mr. T. A. 


q Edison had discovered a method of mechanically re- 


_ into it. 


“a 


ucing speech by means of an instrument which 
gould record, and afterward repeat, messages spoken 
Under the name of the phonograph this most 
ingenious apparatus speedily became familiar to every 
one, and during the Paris Exhibition of 
1878, it, with the telephone, ranked among 
- the principal attractions. With the pro- 


© found and simple faith that was so preva- 


at that time in all which emanated 
Mr. Edison’s laboratory, a great and 

useful fature was predicted for the inven- 
tion, Unfortunately, events did not jus- 
) tify. this sanguine forecast; the phono- 


_ Jent 


a 


| graph quickly descended to the level of a 


| geientific toy, the monopoly of which had 


' been acquired by an enterprising London 


' firm. Later on, in the course of a famous 
series of lawsuits, it was found that Mr. 


| Bdison’s patented claims for the phono- 


¥ 


bh in: this country were included in 
another and more important patent, the 


' yalidity of which was thereby jeopard- 


¢ 


_ alive. 


ized, and Mr. Edison did not hesitate to 
ent off and cast out the offending mem- 
ber, in order to save the rest of his patent 
Since that time until recently, we 
“have heard but little of the phonograph ; 

| but some few months ago it was confi- 
' dently stated that the great inventor, 
“having now more leisure on his hands, 

| had again turned his attention to his old 
king machine, and that very soon 

; world would be startled with a new 
» phonograph which would find a use al- 
» most as universal as the telephone. In 


© dae time the new phonograph arrived in 


» this country, and the wonderful ingenu- 
| ity which had been displayed in perfect- 


' ing it, as well as the clearness and precision with which 


"it reproduced spoken records, appeared to justify the 
> daims, in part if not in all, that had been made for it. 
> Instead of the phonogram being indented upona sheet 


of tinfoil that had been cemented upon a spirally 
| grooved drum traversing ona screw, the record was 
' @ngraved upon a small and compact cylinder of paper 


covered with a film of wax. Under the able manage- 


> ment of Colonel Gouraud, Edison’s new phonograph 


A 


been a source of great interest toa large number 
> Of persons, who, almost without exception, express 
© themselves as delighted with its performance and san- 


» nine as to its usefulness. 


; 7] : rance, 


A formidable rival has, however, lately made its ap- 
This is the graphophone, an invention of 
fessor Graham Bell, Dr. Chadwick Bell, and Mr. 


- Obarles Sumner Tainter, of Washington. The instru- 


Ment is the outcome of a long series of experiments 

'®arried on for several years, and in its present form, if 
“it does not justify all the practical anticipations of its 
‘inventors, they can at least claim for it the merit of 
‘extreme simplicity and inge- 


a auity, combined with a really 


_ @ording speech an 


in re- 
musical 


_ Wonderful efficienc 

sounds. 
Commencing with a descrip- 
bn of the phonograph which 


“illustrated by Fig. 1, it will 


we 


* of 


seen that it is mounted on 
hollow wooden base which 
fontains an _ electro-motor, 
the details of which have not 
m made publie in this 
Sountry. The spindle of the 
or rises through the top 
the base and carries two 
bys, on each of which 
> runs a band. The up- 
pulley drives a governor 
hich can be adjusted to give 
required number of revo- 
ions per minute within 

its. The lower pulley 

ves the phonograph itself 

It running round a pair 

“ guide pulleys on to the 

m driving pulley and also 

a subsidiary driving 

by on a screw, which is 

3 aught into action when it 
» * fequired to repeat some of — 

pe words which have just 

een uttered by the instru- 

t. The spindle on whieh 

Main driving pulley is 

i is carried in two bear- 

BS; the part between the 

hes is very finely screw- 

read ec — threads are 

ww n on the engraving). 

the part which over- 

carries a taper brass 

rel on which the wax 

wer which receives the 


record is slipped. The fine-threaded screw serves to 
give the feed to the diaphragms, carrying them length- 
wise of the wax cylinder, so thet the style traces a 
helix which is of the same piteh as the screw. In en- 
ragement with this serew isa part nut attached to a 
ever which projects from a frame guided on a slide at 
thé back of the machine. This frame also carries the 
diaphragm which moves with it. 

There are two diaphragms--the first of glass for 
receiving and recording the message, and the second of 





silk for interpreting the record and articulating it 


Fie. 2.—THE BELL-TAINTER GRAPHOPHONE. 


afresh. They are both fixed in a plate jointed to the 
back frame. By moving the plate through about 90°, 
either diaphragm can be brought into the acting posi- 
tion, the other standing aside idly the meantime; in 
the engraving it isthe articulating diaphragm which 
is shown over the cylinder. Both diaphragms are 
inclosed in metal cases having openings to which flexi- 
ble tubes are connected. The listening tube is bifur- 
cated, and at each extremity carries a sinall bent nozzle 
| which rests easily in the ear. The other tube, which 
is shown lying beside the instrument, is very similar to 
those used in speaking to deaf persons. In the center 
of each diaphragm isastyle, the one for engraving 
being stiff and sharp, while the other is hook-shaped, 
so that it drags over the record without any tendency 
to cut down the elevated portions. The. frame which 
carries the diaphragm can tilt on the back guide, its 
weight being carried | by a set screw sliding along the 
rail in front of the cylinder. By means of this screw 





the styles can be adjusted exactly in relation to the 
wax cylinder. The rail is not fixed rigidly, however, 


= See & SSE — SS 


Fie. 1.—THE EDISON PHONOGRAPH. 


THE GRAPHOPHONE AND PHONOGRAPH, 


but is carried by a cam by which it can be raised at 
will, the cam being turned by hand, or in some cases 
by the foot of the operator. A partial movement of 
the cam lifts the style clear of the wax cylinder, and at 
the same time tilts the back frame, lifting the part nut 
off the screw. Thus the instrument is thrown out of 
action. By turning the cam still further, a finger on 
the nut lever is brought into engagement with the 
comparatively coarse-threaded screw shown in front. 
and then the frame with the diaphragms is mov 
rapidly back. The object of this arrangement is to 
enable a clerk who is writing out the 
record, as if from dictation, to repeat a 
sentence if he should desire to do so. 

The wax cylinders are 2 in. in diameter 
by 44 in. long. They are slightly taper 
inside to fit upon the mandrel. Their 
thickness depends upon the use to which 
they are to be put. If they are intended 
to sent through the st, they are 
formed of a paper tube with a thin skin 
of wax over it. If they are intended to 
take the pees of a shorthand writer in 
an office, the wax is of considerable thick- 
ness (see figure), and after it has once 
served its purpose its surface is skimmed 
off. To enable this to be done with ease 
there is attached to the under side of the 
plate which carries the diaphragm a cut- 
ting tool which always precedes the 
engraving style and trims up the wax 
surface in front of it. One cylinder will 
serve for more than forty successive re- 
cords. The pitch of the guide serew is 
one hundredth of an inch, and its speed 
of rotation 60 revolutions per minute. 
The style, therefore, passes over some 
880 in. a minute, which gives about 3 in. 
for the record of each word uttered by a 
deliberate speaker. For recording music 
the speed has to be increased to 100 revo- 
lutions, and that speed has also to be 
used when it is-desired to make the arti- 
culation audible without the use of ear 
tubes. The fineness of the helix renders 

it almost certain that the articulating style will fall 
into the — as soon as a cylinder is placed in the 
mandrel, but if it does not: do so, a slight turn of an 
screw puts the diaphragm into the correct 
position. 

The illustration (Fig. 2) gives a very clear idea of the 
general arrangement and the construction of the Bell- 
Tainter graphophone. As will be seen, the instrument 
is-mounted on a table provided with a lid which can 
be closed and locked when not in use. Underneath 
this table ig, fixed a balanced treadle and driving wheel, 
similar to those of a sewing machine. The cord from 
the driving wheel es through the table and round 
a small pulley, b (Big. 8), to actuate the governing de- 
vice, which is a very ingenious piece of mechanism, 
and will be deseribed in cetail later on. Meantime it 
may be remarked that it is arranged to give a speed of 
160 revolutions per minute, and that in practice this 
speed can be maintained within one or two revolutions, 
no matter how fast or how irregularly the treadle is 
worked. From a pulley, c (Fig. 8), on the other end of 

the governor, a cord passes 

to the main pulley of the in- 

strument, which is fixed in 

front of the table. This pul- 

ley, b (Fig. 2), is loose on a 

spindle which carries the cen- 

tering drum that supports 

one end of the record cylin- 

der. A similar drum, c (Fig. 

2), opposite the former, and 

at a distance from it corre- 

sponding to the length of the 

pn at runs free in a suit- 

able bearing. This drum and 

its spindle are capable of a 

lateral motion controlled by 

a spring. To mount a cylin- 

der upon its centers, the drum, 

c, and its spindle are drawn 

back, the cylinder is put in 

position, and the spring is 

released, so that the cylinder 

is held tightly by its bearings, 

and any motion communi- 

cated to the driving pulley 

ye the governor, a (Fig. 

2), is of course imparted to it. 

In order to provide a means 

for starting or arresting the 

movement of the cylinder in- 

stantly—an operation abso- 

lutely necessary in operating 

the graph ne—the driv- 

i liey of the instrument, 

which, as has already been 

mentioned, runs loose on its 

ean be made fast 

with latter at will by 

means of a clutch, b' (Fig. 2), 
which can be thrown in and 
out of gear by means of a sys- 
tem of levers operated by two 
buttons, d (Fig. 2), placed in 
the position shown in the 
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ressing one or other of these buttons 


engraving ; by de 
or cylinder can be stopped and started 


vs, the reco: 
instantly. 

The engraving style is made to traverse in contact 
with the cylinder from right to left. It is carried upon 
a tube which is fixed parallel to the cylinder, but at a 
higher level, as shown in the general view. he lower 
part of this tube for nearly the whole of its length is 
cut away, 80 as to expose a very fine-threaded screw 
placed within it and running in bearings at each end of 
the tube. This screw is caused to revolve by means of 
toothed 
when this latter is running idle, the screw, as well as 
the record cylinder, is stopped. The device carrying 
the style is shown in the general view, as well as by the 
detailed sketches, Figs. 3 and 4. The circular box, a, 
containing the recording diaphragm, is carried at the 
end of a short arm which terminates in a half sleeve, /, 
of the same diameter as the tube inclosing the serew. 
Hinged to this half sleeve is another similar one, f',from 
which, in the middle of its length, projects a short arm 
carrying at its end a relatively heavy balance weight, h. 
Set in a slot made in the hail claove first referred to is 
a portion of a nut, g, threaded to the same pitch as the 
serew ; at the back of this nut is a spring which keeps 
it projecting slightly beyond the face of the sleeve, but 
which allows it to pass back into the recess if a slight 
pressure be applied. From this description and from 
the engraving, it will be readily understood that if the 
sleeve is opened and placed upon the tube, the weight 
of the recording box and of the counterbalance keeps 
the sleeve fast in its proper position, while the light 
spring before mentioned holds the threaded block up 
against the screw, and when the latter is caused to re- 
volve, the sleeve and the recording apparatus it carries 
traverse from left to right. The position of the vari 
ous parts is so arranged that the style attached to the 
center of the diaphragm slightly penetrates the wax 
film with which the record cylinder is coated, and in this 
way a very fine screw of 160 threads to the inch and one 
thousandth of an inch in depth is traced upon the cy- 
linder. We now come to consider the construction of 
the recording part of the instrument, the function of 
which is to receive the sound vibrations and to engrave 
them faithfully upon the wax surface. A section of 
this part of the instrument is shown in Fig. 4. It will 
be seen that it consists of the shallow circular box, a, 
referred to previously as being attached to the carry- 
ing sleeve. The diaphragm forming a bottom to this 
box is made from a piece of very thin and flawless 
nica ; a short distance above, and parallel to it, is fixed 
in the box a metal plate, 0, pierced with two series of 
concentric slots, b'; above this again, but not in con- 


ng driven from the main pulley, so that |p 





tact with it, is a metal cone, f, the center of which coin- 
cides with the center of the box, and is therefore im- 
mediately over the style attached to the mica. All 
these parts are inclosed within the bor by a metal cover 
with a central opening, g, to which is attached a flex- 
ible speaking tube provided with a mouthpiece. In 


front of the mica diaphragm, and st ing from one 
side of the box to the other, isa metal bridge, ¢, so 
placed that it is almost in contact with the style. In 
the center of this bridge a projection is formed of such 
ashape that when the instrument is in operation, it 
resses upon the wax surface of the recording cylinder 
and burnishes it in advance of the style, so that the 
latter may have an absolutely true surface to work up- 
on. The form and relative positions of the various 
parts of this portion of the instrument are clearly 
shown upon the engravings. 





The style, ¢ (Fig. 4),upon which the efficient working 
of the graphophone depends, although of very minute 
proportions, has to be shaped with the utmost preci- 
sion. It is simply a very fine chisel-pointed cutting tool 
capable of forming a perfect thread upon the wax- 
coated cylinder, of the pitch and depth already men- 
tioned. In engraving a communication with this in- 
strument, the carrier is placed upon its tube so that 
the style is bearing upon the cylinder; the driving 
pulley is set in motion by pressing the starting key ; 
the message is delivered clearly aud distinctly through 
the mouthpiece of the speaking tube, and the air vibra- 
tions thus created strike upon the cone within the re- 
ceiving box, and are distributed uniformly over the 
surface of the mica diaphragm with the aid of the slot- 
ted plate, b', setting up in the latter a series of vibra- 
tions corresponding to the sounds produced by the 
speaker and transmitted through the tube. Fig. 7 is 
an exaggerated section of the style and cylinder, show- 
ing the former cutting the spiral grooves ; the vibra- 
tions of the style, transmitted by the pulsating dia- 
phragm, producing the waves at the bottom of the 
grooves, which correspond with the spoken communi- 











Fig. 9. 


THE 





Fie. 10. 











cation. It will be seen from Figs. 8 and 


of two projections on the latter; one of these 
tions is a fixture with the box ; the other (d, Fi ) page 
es 2 apn opening made in it, and is held in Plaee 
by an adjusting screw. By slackening or tightening 
this serew, a slight range of motion can be given to the 
bridge, and in this way the relative positions of the 
burnisher and the cutting style can be modified. 
illustration, Fig. 2, shows a double mouthpiece attached 
to the receiving box. In general use only a si 
speaking tube would be employed, but a double one jg 
so provided for the purpose of recording conversa. 
tion, ete. 

We have now to describe the transmitting or repeat. 
ing mechanism, which is illustrated by Figs. 5 and § 
It consists of a light carriage, a, for carrying the socket, 

, to which the transmission tube is attached, as well ag 
the diaphragm and its attachments. On this carri 
are four curved arms; the,back pair, b, fixed, and the 
forward pair, c, hinged tothe carriage and controlled b 
springs. A threaded block or nut, d, similar to that ak 
ready described as forming part of the receiving ine- 
chanism, is fixed between the forward pair of arms; at 
the back of the carriage and rigid with it is another 
pair of arins with connecting pieces at top and bottom; 
this serves as a handle for holding the transmitter 
when it is taken off or put on the instrument. The 
front part of the carriage terminates in a screwed tubn- 
lar socket which forms a continuation of the nozzle on 
which the elastic transmitting tube is fixed ; upon this 
socket is screwed the circular box, e, containing the 
transmitting diaphragm. The under side of the box ig 
pierced with holes to prevent the setting up of air cur- 
rents within, which might interfere with the proper 
action of the diaphragm. A hollow stem, g, terminat- 
ing in acurved beak, g', of the form shown, forms a part 
of the bottom of the box. To the center of the dia- 
phragm, e', Fig. 6, which is of mica, is attached one 
end of a silk thread, h, the other end being fastened to 
a small curved style, 7, which is secured to the beak by 
a pin in such a way as to give it entire freedom of mo- 
tion. The section, Fig. 6, will — this arrange- 
ment and the relative positions of all the different parts. 
If now a record has n engraved by the recording 
style upon the wax-coated cylinder, and the recording 
diaphragm with its attachments has been removed, the 
tramsmitting carriage is slipped over the tube contain- 
ing the traversing screw. In doing this the nut be- 
tween the front pair of arms engages with the screw, 
the point of the curved style enters the groove en- 
graved upon the cylinder, and on the instrument being 
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previousl 


t, and by means of 
thread pat ae is ey on n omen set up * the 
transmitting diaphragm a series brations similar 
in character eeeasunn rte — 8 
e recording y the message spoken in- 
* In this way the original sounds are faithfally 
uced as to quality, but not as to intensity, per- 
owing to —* pane ioe Ryne ond Me Th 
hragm, but they are not au: e ex 
og intervention of the transmitting tube, which is 
shown lying on the table of the instrument in » 2. 
This tabe, which is slipped over the nozzle, f, Fig. 6, is 
bifurcated near its outer end, the branches terminat- 
in curved ear pieces that are hung upon the ears 
when the instrament is being used for repeating. 

The governor, which maintains a constant speed of 
the record cylinder and the feed serew, is shown in Fig. 8. 
It consists of a light frame secured to the table, and car- 

ng a spindle on which the device is mounted. 

on the spindle near the t hand end of the frame 
are a disk, @, and pulley, 6, made in one piece; a belt 
from the treadle passing over b drives the governor. 
The inner face of the disk is covered with leather. The 
driving pulley, c, which gives motion through a belt to 
the instrument, is fast on the spindle, and is formed 
with a boss, d, on the inner side. A third disk, e, cor- 
responding to a, is held in contact with the leather fac- 
ing on this latter by a strong spiral spring, /, abutting 
against the boss of the pulley, c, and a disk close to the 
cross-arm, g, keyed to the spindle. Pinned to the 
ends of this arm are the two weights, h h, and twoshort 
arms, ¢ t, protest from them at the point where they 
are pinned to the cross arms, g, the end engeging ina 
groove formed in the boss, k, of the disk, e. Two small 
pins pass from these arms through the boss, k, on the 
arm, g, and into the disk against which the spiral 
spring, f, presses. It will be seen that this spring holds 
the disk, ¢, in close contact with the disk, a—sufficiently 
so that, when motion is transmitted from the treadle 
to the pulley, b, the governor is caused to revolve, and 
a belt from the pulley, c, tothe instrument gives the 
desired motion to the cylinder and driving screw. So 
long as the speed continues normal, the instrument is 
driven at the rate for which the different parts are ar- 
ranged, but should an extra velocity be given, the 
weights of the governor open slightly, and the pres- 
sure between the disks, @ and e, is reduced so that the 
speed falls instantly. So nicely are the various parts 
adjusted that, with the most ordinary care, the normal 
rate of 160 revolutions per minute, to which the in- 
strument is speeded, n never’be exceeded by more 
than one or two revolutions. 

The paper cylinders upon which the records are en- 
graved are manufactured with great accuracy. They 
are made of two thicknesses of paper cut into strips and 
rolled spirally upon a mandrel. he lower strip, which 
is of a thicker material than the upper one, is so coiled 
that the edges butt and do not overlap ; the edges of the 
upper —* also butt, the joints lying midway between 
those of the lower thickness ; paste is used to cement 
the two thicknesses together. After the cylinder is 
thus formed the outer surface is covered with a coating 
of wax so blended with other materials that it does not 
soften at any moderate temperature. The surface thus 
prepared is very smooth and uniform, but it requires to 
be submitted to the burnishing operation already de- 
scribed, to fit it to receive the engraved reco A 
few ‘accessories to the instrument, and which are shown 
in Fig. 2, remain to be described. These are: First, a 
tray placed beneath the cylinder to receive the fine cut- 
tings removed by the style from the surface of the wax. 
Secondly, a stand to which are fixed a number of sinall 
drums just large enough to fit one end of the cylinder. 
This is a convenient method of storing a number of 
se on the table of the machine. Thirdly, the 

evice for sending the engraved record through the 
post. For this purpose a box just large enough to hold 
a cylinder is —— the box being provided with a 
sliding and reversible cover so that it can be sent back- 
ward and forward through the post between two cor- 
respondents, any number of times. To protect the wax 
cylinder from being rubbed, loose ferrules with enlar, 
ends are slipped into each end of the cylinder, so that 
the latter does not come into contact with the box. 

Figs. 9,10, 11 are reproductions of micro-photographs 
from a record made on the original Edison phonograph 
‘ta record on the modern phonograph, and from the 
graphophone, res — 

The phonograph and the graphophone have formed 
the subjects of two papers read fore the British 
Association at Bath, by Colonel Gouraud and Mr. 
Henry Edmunds, the respective representatives in this 
country of Mr. Edison and of the inventors of the 
graphophone. 

Both were shown in the rooms adjoining the hall. 
Colonel Gouraud had one instrument and Mr. Edmunds 
two. One of the latter appeared to us decidedly su- 
perior to the other, but, taking the best of the two, we 
could not see that there was anything to choose 
tween the phonograph and graphophone. Both are 
truly marvelous creations, at least they appear so to 
every one now with the novelty still fresh upon them. 
They will play, sing, whistle, talk, sneeze, cough, in 
fact, there seems no sound beyond their powers of re- 

uction, and what can be said of one we think may 
said of the other. 

The great difference of course is in the method of 
working. The graphophone is fitted with a very sensi- 
tive and beautifully designed speed governor, and it 
can therefore be worked by human power, The agence 
selected is that of the foot, a treadle like that wit 
&sewing machine being used. In fact, the whole thing 
might easily be mistaken, if looked at casually, for a new 
form of sewing machine. ' 

Bat although these instruments will reproduce nearly 
every sound, they do not give the tones in all their 
purity. There is what may be called a phonos intona- 
tion. With the old phonograph, when tinfoil was used, 
this was very noticeable, so much so at times as to ren- 
der the instrament almost unintelligible. The new 
machines are a wonderful improvement in this respect. 
Patting aside the applying ear tubes to the ears, no 
one, we think, could fail to recognize the fact that the 
‘ounds were being transmitted by one or the other of 

® instruments, 

It is sometimes supposed that the phonograph can 

iuce instrumental and vocal music in miniature, 
but with all the charm of the original. Mr. Preece says 








that a symphony of Beethoven's has been so exquisitely 
rendered by the machine as to make him shed tears ; 
bat then Mr. Preece is, as every one knows, of a very 
rous and emotional nature. Our own experience 
oes not quite bear out these high expectations; still, 
* is easy to en, for instance, the Fa weckuoaes 
e performance of a piano organ and a y 
— In a duet between a violin and oO one can 
when the accompaniment stops and the 
fiddle alone ies on the music. The fiddle, it may 
be remarked, is one of the most difficult, if not the 
most difficult instrament, to ‘‘ take off,” to use a report- 
ing phrase, and the sounds representing its music are 


certainly not pleasing. 

With to o speech, we speak only from 
our own my een At first we were certainly not able 
to follow the words on the phonograph, but, as it 


afterward appeared, the conditions were exceptionally 
unfavorable, and subsequent experience proved that 
the perfected phonograph, like the graphophone, is cap- 
able of repeating long sentences with distinctness and 
accuracy. It will be proved in time, when the instru- 
ments come into general use, how far they will be re- 
liable under varying conditions—that is, what percent- 
age of spoiled and inarticulate cylinders there will be. 

‘A curious fact has been brought out by the inven- 
tion of these instruments, and that is how few le 
(if any) know the sound of their own voice. For n- 
stance, if a number of ple speak into the machine 
one after the other, each one may be able to recognize 
the voice of his friend or neighbor, but fails to identify 
hisown. A like phenomenon in the matter of sight is 
often observed by photographers, who frequently can 
give satisfaction in a likeness to every one but the orig- 

nal, all which goes to show that not only do we not 
“see ourselves as others see us,” but we do not hear 
ourselves as others hear us. 

As in listening to couversation through the tele- 
phone, so there is a good deal of skill or ‘‘ knack” re- 
quired in hearing these new instruments. A great deal 
of this is mental. One cannot at first put one’s self in 
the attitude of expecting !speech from a machine, and 
it is only gradually that it dawns on one’s conscious- 
ness that articulate sound waves are exercising their in- 
flnence on the ear; there seems to be a sort of hang 
fire between the brain and ear. This, however, has 
nothing to do with the instrument, but is dependent on 
physical conditions, excepting in so far that the phon- 
ographic speech, however loud, appears to come from 
a distance, and until the fact is recognized, one at- 
tunes one’s ear for utterances close by.—Hngineering. 








REDUCING THE DENSITY OF NEGATIVES BY 
VARIOUS AGENTS.* 


By Dr. CHARLES EHRMANN. 


OVER-DEVELOPED negatives yield hard prints, no 
matter how long sensitized paper may be ex to 
light under them ; but such negatives can be reduced 
to normal density, either locally or over the entire sur- 
face. To do this properly is as easy and as difficult as 
any of the important photograph’ operations requir- 
ing skill, circumspection, and a close o vance of the 
process while it is going on. 

When we first became acquainted with gelatine emul- 
sion plates, owing to want of 22— and experience 
many errors were made in the development, and in the 
majority of cases we produced but very feeble negatives 
from which, to make good printers, we learned to in- 
tensify. Others, however, were so excessively intense 
that printing from them in a reasonable space of time 
22 impossible. To reduce undue density we re- 
sorted, in the beginning, to an old remedy that had 
served us well in the collodion process—a strong solu- 
tion of cyanide of potassium, to which was added, oc- 
casionally, a trace of iodine. 

To a certain degree this remedy proved to be quite 
efficient, but as its action is slow, and commercial cyan- 
ide of potassium invariably contains as much as from 
twenty to twenty-five per cent. of carbonate or hydrat- 
ed oxide of potassium, the gelatine film weakened under 
its action to such an extent that it sometimes even be- 
came detached from the glass plate entirely, resulting, of 
course, in alossof the tive. he method might 
answer, however, if a chemically pure cyanide of potas- 
sium could be obtained. 

To reduce the excessively strong deposit of metallic 
silver into iodide of silver by means of an iodine solu- 
tion, and subsequent refixing in hyposulphite of soda, 
is theoretically quite correct, but can be done only with 
much care and attention by an experienced operator. 
The method is worthless when the reduction to iodide 
has been carried on but a trifle beyond the proper point. 
The hypo bath must necessarily take off more of the 
silver oid formed than was intended, the negative 
becoming, as a consequence, too feeble for —, 

Not much better did we fare with the method re- 
ducing the silver deposit to chloride of silver by means 
of weak solutions of ferric chloride. With the subse- 
quent refixing in hypo, no more reliable results can be 
secured with this method than with that of iodide of 
silver. It is true that the conversion of the metallic 
deposit into chloride of silver has proved to be very 
useful in removing green and red fog, or discolora- 
tions of the film, excepting those caused by sulphides 
formed, but before a print can be made from the 
negative thus transformed into chloride, a redevelo 
ment with ferrous oxalate must be resorted to, whic 


however, by no means reduces the nal density of 
the plate, but increases it very . 
Reducing t the transformation of the silver 


into chloride is.risky, for many reasons. To judge ap- 
proximately correct of the degree of the reduced inten- 
sity, before refixing the plate, requires a most experi- 
enced eye. An insufficient amount of chloride formed 


necessitates a repetition of the process, and when it is 
excessive, the whole ing results.in a failure and 
the loss of the negative. If the negative has been pri- 


marily perfectly washed, the transformation into chlo- 
ride of silver uniformly and slowly, but the 
presence of a mere trace of h ulphite of soda is an 
obstacle to success. Ferrie (ferric chloride) are re- 
duced into ferrous by h 
negative has not been y freed from the fixing 
agent, reduction into chloride can take place but im- 
perfectly, or not at all. 

Reducing agents containing principally iron chloride 


* Read at the Minneapolis Convention, July, 1988. 





phurous salts, and if the i 





and similar substances have been frequent! 
for practical use, and are, in fact, —— f 
with great praise of their virtues. Apparently t 
media act well, slowly, and uniformly enough to allow 
of a perfect control and with satisfaction to the casual 
observer. The chloride of silver formed, however, re- 
mains in the film, as itis not removed 
the previous cases. What will become of a nega’ 
reduced in that way, and if a | edition is to be 
printed from it, I leave to every ter to decide. 

Cupric chloride, formed when cupric sulphate and 
sodium chloride is applied to the negative, is just about 
as unreliable as any of those previously mentioned. 
The action is based upon the same principles. Owing 
to the copper salt, the deposit formed assumes a non- 
actinic color, and unless the silver chloride is fixed away, 
and not even then, can great success be expected from 
the process. 

Dr. Eder has constructed a negative reducer consist- 
ing of cyanide of potassium, iodide of beg re and 
mereuric chloride. Its action ie simi to those we 
have considered, but an excess of cyanide of potassium 
dissolves the respective chloride, cyanide, and iodide 
of silver formed, thus effecting the desired reduction of 
the negative deposit. Eder’s solution is easily controlled 
in its action, but the reduction takes place slowly, an 
hour or even longer being requisite to reach the desired 
effect. Hence this process, with all its advantages, can 
never become quite popular in a very busy laboratory. 

Farmer's solution, consisting of a mixture of yet 
anide of potassinm and hyposulphite of soda, is probably 
the most generally accepted method to reduce over-in- 
tensity in negative deposits, as well as in printed paper 

roofs. It is controllable and safe, leaves no color stains 

hind, and acts with such an energy that, after a 
short application, the whole silver deposit may be total- 
ly destroyed, leaving upon the glass a pure gelatine film 
without the least trace of an image. hen ferri-cyan- 
ide of potassium, itself sensitive to light, is mixed with 
hyposulphite of soda and then ex to diffused light, 
only for a short time, the mixture wili turn blue, and, 
owing to a separation of sulphur, turn milky. A part 
of the ferric salt is reduced to ferrous, ferri-hydrocyanic 
acid formed, salphur, Prussian blue, and probably hy- 
droxide of iron separated. 

Under the influence of light Farmer's solution will 
soon become inactive, and should, therefore, be applied 
only in the dark room, or in a much subdued light. 
With proper precautions the solution has proved to be 
extremely active, and, as ite energy can well con- 
trolled with the greater or less amount of the ferri- 
cyanide of potassium used, it has been almost univer- 
sally adopted. The process is truly chemical; the ferri- 
—— of silver forming is dissolved in the hyposul- 
phite of soda. 

As a reducer for negatives it is effective when the gen- 
eral density of the plates uires modification, or when 
only al reduction is desirable. Thesolution, mixed 
with strong gum arabic mucilage, and applied with a 
soft brush to the parts to be reduced, gives, with a little 
care and dexterity, all desirable effects. Halation 
marks, excessively developed whites, and even flare 


tod sold 
tly these 


s or ghosts have been removed or subdued it. 

the reduction of r prints it is best to soak them 
in hypo solution, and add gradually to it but small por- 
tions of the ferric salt. 


Less successful has been its application to the East- 
man permanent bromide r, which, more or less, as- 
sumes a yellow tone with it, the method now to be 
spoken of giving wore satisfactory results. 

Not less effective than Farmer's solution, and prefer- 
able to it in many respects, is the method with potassio- 
ferric oxalate, ——— J Monkhoven, introduced 
and made practical by Belliteki. Ite peculiar virtues 
are that even by long-continued action no traee of color 
is left behind, Sees — 2* * 2— gela- 
tine paper prints, like t upon t rom ° 
It acts probably slower but more steadily than Par - 
er’s solution, but as the action begins only when the 
entire film has been penetrated by it, reduction must not 
be carried to exactly the degree of intensity required, 
but somewhat below it; the solution continuing to act 
within the film for some time after the operation has 
been interrupted by washing the plate, Potassio-ferrie 
oxalate is the beautifully green crystallized double salt 
of ferric oxalate and oxalate of tassium which is 
formed by higher oxidizing our ord y ferrous oxalate 


developer. 
If this highly energetic developer is e to air 
but a short time, the active ferrous salt t up more 


oxygen, becomes ferric, and ceases to be a developer, 
Hence old or partly oxidized developer is quite frequent- 
ly used as a restrainer, or to commence the develop- 
ment of plates suspected of over-exposure. By higher 
oxidation the oxalate developer loses part of its energy 
(ferric oxalate does not develop). If, therefore, the fer- 
rous salt remaining in the solution in lower quantity 
does the work, would it not be as well to apply for this 
purpose a freshly prepared ferrous solution containing 
an amount of the iron salt equivalent to that existing 
in the oxidized solution? But this does not seem to be 
the case. A uliar virtue is displayed by the salt of 
higher oxidation ; it possesses a restraining power by 
which most excessive over-exposures can be well con- 
trolled. The ferric oxalate does not develop, it restrains, 
and will ultimately, under ceriain conditions, reduce 
the metallic silver deposit on plates developed with any 
of the known developers. 

Before we consider the action of this reducer, it may 
be as well to describe the sources from which the valu- 
able.and beautiful salt is obtained, the more so as nany 


practitioners have been ented from using it on ac- 
count of its searcity, or by,being ignorant of its mode 
of pre’ developer exposed to air 


on. 

in vessels will, after a short time, deposit potassio- 
ferric oxalate in the form ——— erystals; it will do 
uite well to separate them from the solution, remove 
the brown iron oxide adhering by washing in water, 
dry the between bibulous paper, and preserve 
them for.use. Butif it is desirable to recover the whole 
quantity of the salt, as follows: Take the whole 
amount of old deve pourit in an evapo- 
rating dish, and allow it to evaporate spontaneously in 
— 

amultita green 

size, is then to be mixed with one-tenth or one-fifteeuth 
of its weight with crystallized oxalic acid, and with five 
or six times its volame of water, boiled in an evaporat- 
ing dish. The resulting thick and muddy liquid is fil- 
tered into another evaporating dish while yet hot, the 
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dish covered up with paper, and set aside in a cool 
place a From it form beautiful crystals of a 
pure emerald green color—the potassio-ferric oxalate. 

The salt is sensitive, light uces it n to ferrous 
oxalate ; it must, therefore, be kept in the dark. The 
salt can also be prepared by adding to a weak solution 
of ferric chloride another weak solution of neutral oxa- 
late of potassium, filtering the solution, and crystalliza- 
tion. It is necessary to add enough oxalate to secure 
perfect neutralization. An excess of it will soon precipi- 
tate; an excess of iron chloride renders the resulting 
salt unfit for use. 

The formula for reducing is simply to take ten parts 
by weight of the green crystals, previously dissolved 
in as little water as possible, and add it to one hundred 

rts of the ordinary hypo solution. When an over 

ntense negative is subjected to this compound, the re- 
duction will take place slowly but ee gg | and the 
process can, dela be easily controlled. he hypo- 
sulphite plays an important part. Without it the po- 
tassio-ferric oxalate does not reduce. A negative per- 
fectly free from hypo = rest in a pure solution of the 
green salt indefinitely without any apparent effect. Re- 
move the negative to a very weak solution of hypo, and 





reduction will commence at once. Hence, it will be ap- 
parent that washing after fixing is not at all necessary 
when the negative is to be reduced. 

The chemical process taking place has not been defin- 
itely stated, but the method is so secure, controllable, 
and in no case discoloring the plate, that it may well be 
considered of much practical value, more valuable, per- 
haps, than any other reducer. 

must not omit to mention, in connection with the 
chemical reducers which we have considered, one whose 
action is merely mechanical. I refer to the method of 
rubbing down excessive intensity by means of a linen rag 
moistened with alcohol. Friction reduces density by 
taking off particles of the silver deposit. The inteili- 
gent negative retoucher can by this means produce very 
fine effects, and make visible modulation quite obscured 
upon the crude negative. 


ELECTRIC LIGHTING IN AMERICA.* 
By Professor GEORGE ForsBss, F.R.S. 
HAVING since the last meeting of the British Associa- 





tion had occasion to pay two visits to the United States, 
and while there to study very carefully the systems of 
central station lighting in vogue, and also to compare | 
what was being done there with what was being done | 
here, and being, further, able to compare the state of 

central station lighting in America as it is at present 

with the condition it was in four years ago, when this | 
association visited America, I felt it was a sort of duty | 
I owed to the association to bring before it some ac- | 
count of what [ had seen, believing it would be especi- 

ally interesting at the present moment, when there are | 
signs of a very great determination on the part of the | 
public in this country to have electric light supplied to 
them from central stations. At the same time I felt 

considerable diffidence in bringing before you the facts | 
which have been collected—not in the least because | 
there is any want of facts, but by reason of their num- | 
ber, which renders it difficult to make a proper selec- | 


tion of the points likely to be of interest to the mem- | b 


bers of this action. 

In the first place, it has been often stated—and one 
eannot help commencing remarks of this kind by re- 
peating—that enormous progress has been made in cen- 
tra! station lighting in America. At the moment one 
lands one is struck by it; and when one lands, upon 
returning to England, one is equally struck by the dim- 
ness of the lighting in our streets. In America there is 
not a single town with which I am acquainted where 
you can walk in the streets at night without seeing 
very many arc lamps. lam not simply speaking of in- 
fluential towns like New York, Philadelphia, and Bos- 
ton, but of the most out of the way places in the most 
distant States, where gas has never penetrated. There 
electric lighting has fixed its position, and it is being 
used frequently. Not only has the electric light been 
adopted in these remote towns, but other develop- 
ments of electricity have followed. As an illustration 
of the kind of places to which electricity and electric 
light have found their way, | may mention that I have 
a paper here published in a village in Alaska, one of 
the least developed of the Territories of the United 
States, and the same number of this paper which 
treats of the introduction of electricity in a scientific 
manner treats also of the advisability of passing a law 
for the expulsion of Indians from the city at nine 
o’clock every evening. 

At the time I was attending the electric light con- 
vention at Pittsburg, last February, it was estimated 
that there were then 300,000 are iamps lighted from cen- 
tral stations in America. The progress of are light- 
ing of late years, however, has not been so striking to 
an Englishman as formerly; the are light was firmly 
established when the British Association visited Ame- 
riva four years ago. The progress which has struck 
us all latterly has been the — in incandescent 
lighting. At the same time—I am speaking of February 
of the present year—it was estimated that there were 24¢ 
millions of incandescent lamps in use in the United 
States; and the rate of manufacture has increased en- 
ormously, to my knowledge, since that short time . 
There are four or five manufacturing places in the 
United States at this moment, each capable of turning 
out 10,000 incandescent lamps every day, and I have 
no doubt that the annual production at this moment is 
to be counted by millions. Of incandescent central 
stations there are two classes, one of which is the three- 
wire system, in which a continuous current is supplied 
to the main conductors over a town and the lamps are 
connected by branches to the system of positive, nega- 
tive, and intermediate mains. Thatis the system which 
is so largely adopted in all the Edison stations. It was 
the Edison stations which interested us most in 1884,and 
they have continued to advance and have developed the 
three-wire system to a very great extent indeed. 

But I feel quite sure that the greatest progress that 
has been made in central station lighting in America 
since the Association visited it has been by the work 
which Mr. Westinghouse has done in that country. 
One of Mr. Westinghouse’s agents in passing through 
Europe saw the experiments which had been made by 
Messrs. Gaulard and Gibbs in this country in the use 





of alternating currents to distribute the electric light ; 
* A paper read before the British J Association, Bath, 1888, re 





by means of this system an alternating current of very 
high tension could be 1 along the streets over con- 
ductors of very thin diameter and very cheap to con- 
struct, and at the consumer’s premises this high ten- 
sion dangerous current could be reduced in tension 
by means of an induction apparatus called a converter, 
and passed into the house at a harmless pressure, suit- 
able for the ordinary incandescent lamps. 

And here I may say that I never fail to take 5 op- 
portunity which presents itself to me to say what I feel 
with regard to the energy and determination with 
which Messrs. Gaulard and Gibbs, in spite of the most 
adverse criticism which was universally — upon 
their first attempts, persevered and continued to im- 
prove their invention, and eventually proved to the 
world that it was possible to have a commercial system 
by means of these converters. 

Mr. Westinghouse, on seeing this system, took it up, 
and the result is that he has established, in the course 
of a very few years, an enormous business in cent 
station work. It is now a possibility in America—not 
a possibility merely, but a thing of daily occurrence— 
for a town to write an order for a central station, 
which has to be sent out at ten days’ notice. They do 
not order a dynamo, set of conductors, and other ap- 
paratus all independently, but complete central sta- 
tions are being sent out at a steady and uniform rate. 
In December of last year the manufacturers of incan- 
descent lamps drew out a long list of the number of 
lamps being used in different parts of the country, and 
I have abstracted from that list some notes which show 
that at that time Mr. Westinghouse’s alternating cur- 
rent system was — 153,285 lamps, occupying 152 
distinct plants, and 42 of these had plants for more than 
1,000 lamps. At the present moment they have set up 
110 central stations, with 191,000 lamps. 

It has been said that in this country we do not go 
ahead so much as they do in America, and various rea- 
sons have been suggested to account for this. Pro- 
fessor Ayrton’s most admirable reason seems to go a 
long way—namely, that there are two definitions of in- 
ertia, the English, which is that inertia is a resistance 
to motion, and the American, that it is a resistance to 
stopping. But I must say that in electric lighting we 
certainly have been stopped a great deal by what I 
mightielinest call the iniquitous electric lighting act. 
And I regret extremely, in the interests of the public 
and of electric lighting generally, that an act has been 
passed this year which has not yet -put electricity on 
the same footing as gas. This is a matter for extreme 
regret to all those who have the ultimate benefit of the 
electric lighting industry at heart, for that act will de- 
lay the due recognition of the value of electric lighting. 

But I must say that I do not think the electric light- 
ing act is the only thing which has delayed our pro- 
gress, because I see that in electric traction and other 
developments of electricity also the Americans have 
gone ahead with great energy ; and I certainly do not 
put it down to want of capacity on the part of our in- 
ventors, for I find that the best dynamo machines are 
all designed originally in England, and the best arc 
lamps also are to be found in England; but with in- 
ferior machines and lamps in the States, I have noticed 
that they are determined,as long as they havesomething 
which they know will work well, to make it work, and 
e ready in the meanwhile to take up something else. 


I think, therefore, that it is not in the inventors that 


we have to look for goaheadness, but to men of capital 
who are technically instructed. I think it is technical 
instruction among the moneyed classes that has de- 
veloped electrical engineering so much in Awerica of 
late years. 

I will now try to describe some of the leading features 
of the Westinghouse central stations which I visited, 


and perhaps this nay be of use in helping us to draw 
| some conclusions as to the lines in which we are to de- 


=. electric lighting in our own country. 

I do not in the least wish to say that the American 
arrangements are the best. In — points I see ob- 
jections, and many where I should wish to see improve- 
ments; but we have in the system which I am going 
to describe a thoroughly successful working arrange- 
ment, and although we in this country —J— not adopt 
all the points of sach an arrangement, still I feel that 
it will be of use to us to realize what is being done on the 
other side. It is a curious thing, for example, that in 
America there is no work hardly being done with ac- 
cumulators. There is an example where we have led 
the way, as compared with the Americans. I was 
struck with the fact in 1884, and still more in the pre- 
sent year, that accumulators do not seem to work in 
the American atmosphere; at any rate, people have 
been importing numbers of accumulators, and yet they 
are not recognized as the satisfactory apparatus we 
have come to regard them as; they are looked upon 
there as being as uncertain now as they were with us 
four or five years ago. 

The Westinghouse system, then, chiefl Me ete up- 
on the apparatus which has been called by the names 
secondary generator, transformer, or converter; ‘‘con- 
verter” is the term generally adopted in America. This is 
simply an induction apparatus with two coils, a primary 
and a secondary. The primary coil, in contradistinction 
to the ordinary Ruhmkorff induction coil that we have 
known so long, is of high resistance, with a large num- 
ber of turns on the a, and a small number on the 
secondary, which goes to the lamps. The alternating 
current produces induction in passing through the 
primary, which reacts on the secondary, thereby pro- 
ducing a current of low tension going into the houses. 
The primary coil and the secondary are completely se- 
parated, and when properly constructed it is quite im- 
possible that the high tension current can ever reach 
the secondary circuit, so that the consumers of electri- 
city have nothing to fear from the dangerous current 
which is distributed from the central station. 

Acentral station contains furnaces and boilers, en- 
gines, alternate current dynamos, exciting dynamos, 
switch boards, testing instruments, repairing shop, and 
stores. The scheme of arran, ent of the mechanical 
en electrical parts is gen y the same in every sta- 

ion. 

The wires led out from the station are carried gener- 
ally on poles as feeders to the separate districts. The 
converters are generally attached to the outside wall of 
the house to be supplied; but they are often attached 
to the poles carrying the feeders. They are sometimes 
placed inside the houses. The secondary wires inside 
the house, to which the lamps are attached, are laid in 
the usual manner, and are connected to the secondary 








<<. 000—— 
poles of the converter. The dynamos are run day and 
night without cessation ; charges are made by contraet 
a meter. 

e hear a good deal here of the impossibility of rup. 
ning machinery day and —* without breakdo 
and I cannot help rather indorsing the opinion | 
universally expressed in Aimerica—that this fear has 
been enormously aa in this country. When 
we see our huge 10, to 15,000 horse power engines 
crossing the ocean, pestorenins their work for days and 
weeks without breakdown of any sort, it seems absurd 
to expect that where we are able to subdivide our power 
as in a central station, there should be any serious 
breakdown in a properly organized system. As a mat. 
ter of fact, | assure you thatin America plants which 
have been run without accumulators have been 
on for years and years, and it is a matter of the utmost 
rarity for an accident to arise of sufficient impo 
to stop the general lighting of the district. The Edison 
central station in Pearl Street, New York, which hag 
been running many years, has, J believe, only onee 
broken down, and that was an accidental occurrence 
due to too much current being turned on ona f 
day, and the experience of other central stations is to 
the same effect, The general view in America is that 
there is no danger of a breakdown ever happening in q 
properly organized station. 

It happens that in the department of furnaces and 
boilers there is much of special interest in many of the 
Westinghouse stations. This arises from the fact that 
over a great part of Western Pennsylvania the fuel em. 
ployed is the natural gas obtained from the wells in 
that region, and carried in pipes to considerable dis- 
tances. But this is a feature so peculiar to the district 
that it requires only a short notice here. 

The gas, with its due proportion of air to produce 
the high temperature of a Bunsen burner, is admitted 
by pipes with a sufficient number of nozzles into the 
combustion chamber. Here the burning gas passes 
over a mass of bricks with ventilating spaces, and 
thence through the tubes of the boilers. The gas is 
nearly free from carbon, and the hydrogen, which is 
paramount, undoubtedly weakens the iron of the boil- 
ers; but oe shows that this action does not go 
far, and the iron acquires a final condition in which it 
does not deteriorate, but seems capable of indefinite use, 

In the best stations the admission of gas and air to 
the furnaces is regulated by means of a valve controlled 
by a lever, which in its turn is subject to the pressure 
of the steam in the boiler. This automatie regulation 
is very perfect, so that the attendance of one man to 
the boilers and furnaces of a station with several thou- 
sand horse power is quite sufficient. 

As to steam engines, there is no need to say much, for 
I do not think the Americans can teach us anything 
about making steam os. But there are some 
points in connection with the class of steam engine 
used which I think are of importance. A great deal 
has been said about the desirability of having central 
stations furnished with large, powerful, slow-running 
engines which are economical in the consumption of 
coal. Practical experience, however, has decided the 
question for the present exactly in the opposite man- 
ner. It is found to be more economical and safer te 
oe a number of ——* * each =, each driven 

y a separate engine of high speed, the power being 
transmitted through a belt, and with no countershaft- 
ing. 

About the rights of this question there cannot be 
the slightest doubt. It has been proved over and over 
again by experience. At first sight it does not seem 
probable that a number of independent high speed en- 
gines should be more economical or safer than a single 
large engine, say of the marine type. The explanation 
lies in the special conditions of central station lighting. 
Without dwelling upon the great loss of power due to 
countershafting with the large engine, it is only neces 
sary to observe that the maximum load in a lighti 
station is many times as great as the average | 
Thus, if the single engine be adapted for the maximum 
load, it is working underloaded during the greater part 
of the twenty-four hours. The consumption of steam 
in proportion to power developed is very high, and the 
engine is, under these circumstances, not an economical 
one. With the independent engines, on the other 
hand, none of them need at any time be working much 
under its best load, and when the load increases other 
engines and dynamos can be switched in, and they are 
thus always working at or near the most economical 
conditions. : 

It has been found from actual practice in electri¢ 
light work in identical central stations that 20 per cent. 
more work is —— in the case when countershaft- 
ing is introduced. 

It has also been proved, from the experience of num- 
erous central stations, that during a considerable num- 
ber of hours in the night the load on the engines 
dynamos is only one-eighth part of the maximum 

For these reasons it is found most economical to use 
with each dynamo an engine whose most economical 
load is something like 20 cent. under the maximum 
load. Waste of steam is far greater with underloading 
than with overloading. 

Another advantage of this system is that there is 
abundance of time for the inspection of engines 
dynamos. The station is easily added to. A break- 
down in an engine or dynamo does not stop the work- 
ingof thestation. There is oue other factor of safety to 
which attention must be drawn. One of the most al- 
noying accidents in an electric lighting plant is 
due to a short circuit on the mains. In over 
work this often happens by the falling of broken tek 
phone or dead wires upon the mains. In this case@ 
small independent engine is pulled up and no damage 
is done. ith the | engine the dynamo grinds oD, 
and unless the cause of shoré circuit is burnt up, the 
dynamo is destroyed, or at any rate the whole of 
—— is put out of gear. 

Now I have a word or two to say about dynamos apd 
converters, the actual apparatus which are used ia 
America. I attribute a great deal of the manufactur 
ing success of American electric lighting plant to this, 
that they fix upon the types of machine that they are 
going to make, and then lay down machinery wh 
will enable them to produce those types cheaply, 
having thought out the system thoroughly in the 
ginning, they do not require to make a completely peW 
type of machine for every order that comes in. They 
are then able to manufacture their machinery cheaply; 
and in such a way that every part is replaceable. 
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At this moment, I think if I had to choose between 
two dynamos, of which one was a little better than the 
other in efficiency, but the other of which was manu- 
factured in this way, I should be very much inclined to 
Jean in favor of the one which was made by machinery, 
and of which all the parts were interchangeable, and 
of which I could get any one of the parts by return 
train by telegraphing for it. The convenience of such 
a machine is obviously great. 
I have, for the benefit of those who are electrical en- 
neers and manufacturers, thought it might be of in- 
terest to put down some facts in connection with the 
three types of alternating current dynamo machines 
made by the Westinghouse Company. There are three 
types, one for 650 lights, another for 1,300, and another 
for 2,600. The voltage of all is the same, 1,050. In this 
country there has been a tendency to use on the primary 
circuit a higher tension than that, 2,000 volts. In the 
Westinghouse system they use 1,000 volts at the con- 
yerters, and 1,050 is developed by the machines. The 
local pressure is reduced in the same proportion as has 
been done most generally in Europe, that is to say, in 
the ratio of 20to 1. The 1,000 volts in America is re- 
duced down to 50 volts in the lamps, and in this coun- 
try the 2,000 volts has been reduced to 100 volts at the 
lamps. And here there is a question opened which 
must be decided immediately in the central stations 
which are going tu be put down in this country, whether 
ou are goiug to take the full advantage, as Mr. West- 
inghouse does, of being able to carry your high-tension 
current in the mains. 

The advantage is that you are able to save copper to 
avery great extent indeed, whether you use 1,000 or 
2,000 volts, and then, as Mr. Westinghouse argues, we 
are able to use lamps of only 50 volts instead of lamps 
of 100 volts ; that he looks upon as the greatest advan- 
tage he has gained by the introduction of the Gaulard 
and Gibbs system. e ali know that the higher the 
voltage of the lamp the shorter its life, and a 50 volt 
lamp is a far more perfect thing than a 100 volt lamp. 
We are greatly troubled by the expense of lamps com- 
pared with their life. ‘That is an expensive item in the 
supply of electricity, and a 50 volt lamp being far more 
economical, is it not desirable to follow the American 
me and use the lower voltage? I am sure that elec- 

rical engineers generally will see that there is a point 
worthy of their serious consideration in this question. 

It may even be said that we are all to go still further 
and reduce the voltage a great deal more. Of that I 
am less certain; but there is another point which will 
occur to electrical engineers, whether it is not desirable 
to use the lamps which Mr. Bernstein has been perfect- 
ing, of very low voltage, placed in series. At present 
one of the most serious difficulties in introducing elec- 
tric light for domestic purposes from central stations 
is in the cost of wiring houses. Now, if we place our 
electric lamps all in series, the cost of wiring will be 
very much diminished, and it becomes a question 
whether this is not the best arrangement. In that case 
the primary coils of our converters would be put in 
series in the same way as they were originally in the 
Gaulard and Gibbs system. We shall then be doing 
what they were striving to do when they chose the 
series arrangement, namely, not by having the two 
primary terminals inside the house at a difference of 
potential at 1,000 or 2,000 volts, which would be danger- 
ous, but no two conductors of greater difference of po- 
tential than about 50 or 100 volts. If at the same time 
we use low voltage lamps, we shall get a longer life than 
even Mr. Westinghouse has obtained. It seems to me 
that there are grave reasons for considering most seri- 
ously the question of arranging all our lamps in series 
and the primary coils in our converters in series also. 

But I am not here to put forward suggestions about 
what we may probably do in England, but only to tell 
you what they are doing in America, wishing at the 
same time to guard myself from saying that ior. have 
the best arrangements in every possible point. 

The construction of the Westinghouse dynamo is 
pretty well known in this country, and it is needless to 
speak of it. 

I think we are probably all agreed that the old type 
of alternating current dynamo, such as the Siemens, 
bas probably seen the end of its days. One of the chief 
difficulties seems to be that when you have such a large 
number of coils revolving between the poles you are 
obliged to make a considerable clearance, and that 
causes vou to use up a great deal of power in magnet- 
izing the field magnets. Mr. Westinghouse makes a 
very small clearance, and in that way uses up only 2 
per cent. of the maximum power. 

The Westinghouse Company make those types of 
—— of which the following particulars are of in- 

rest : 








Total weight 
No. of lights 











a 


The No. III. has an armature about 2 feet diameter 





and 2Yeet long. It has 16 poles, and runs at 1,000 revo- 
lutions per minute. The armature plates have each six 
large holes for ventilation and lightness. The weight 
of armature is 2,000 lb. The insulation is mica and 
copal varnish, which is found to be infinitely superior 
to shellac or any other material used. 

The converters used by the Westinghouse Company 
are of five sizes, called by the numbers I., II., IV., VL, 
and VIII. The following table gives particulars about 
them. The size of wire ison the B and 8 gauge : 














Converter............. I. IL. IV. | VI. | VIIL 
No. of lights........... 5 | 10 | 20 | 80 | 40 
Wire on primary... .. 25 | 22 19 17 16 
*  “ secondary..... 11 8 8 8 7 
Turns on primary. ....; 900 | 700 | 560 | 480 | 400 
* “ seeondary....| 45 35 28 24 20 
Resistance of primary..| 48 | 21-9 99 7 5 

3 ** secondary| 0°04 | 0°043| 0°0197) 0°0176) 00107 
Weight finished (ib.)...| 50 | 60 | Oy i... 160 








Thickness of iron plates = 0°006 to 0°0065 inch. 
* papor insulation = 0°0025 ineh. 
Number of plates in a No. 8 converter = 1,350. 
The iron used is Welsh Taggard iron. 
50° C. rise in temperature is allowed in the converters. 


In this country the tendency is to make converters 
much larger; it has even been —*8 that the 
should be made of thousands of lights. But for ordi- 
nary use in houses the Westinghouse system is the sim- 
plest, more especially as we find that it is necessary to 
wire the houses in such a way that they will suit our 
meters, which do not at present go over a range of from 
one lamp up to a thousand lamps, nor even up to hun- 
dreds of lamps, and if we find that our range is suita- 
ble up to 40 lamps it is very desirable to wire the 
houses in such a way that there are not more than 40 
in the circuit of a meter indicating 40. For this rea- 
son Mr. Westinghouse has limi his converters in 
this way. 

There are some points well worthy of attention in re- 
gard to converters. In the first place, by the use of 
only 1,000 volts, afar cheaper converter may be made, 
and thus a great saving may be effected in the plant 
required fora house. Then, again, there is the rapid- 
ity of alternation. In the Westinghouse plant there 
are 16,000 alternations, 8,000 complete periods, per min- 
ute. In this country the tendency is to make the al- 
ternations less than that. The quantity of iron you 
put in your converters depends on the number of alter- 
nations; the greater the number of alternations, the 
less iron is required, and you are therefore able to use 
smaller converters. I do not know whether or not 
there are objections — other grounds to a high num- 
ber of alternations. The only objection that occurs 
to me is that, while the construction of the dynamo 
sometimes becomes a little easier, it also takes a little 
mores ° 
Mr. Westioghoute asked me to make some tests for 
him on the efficiency of his converters. It has been 
supposed that converters have not a high efficiency 
when working at half-load. I may mention that 
the efficiency varied slightly in the different types, 
owing to the proportions of iron being greater in some 
types than in others ; but at half-load in some cases we 
were able to get an efficiency of 95 per cent., which 
isa splendid result, and I think a greater efficiency 
than most people have been supposing was to be at- 
tained. I do not think that in actual practice there is 
an average waste of 10 per cent. in the use of convert- 
ers, when they are properly designed. The formule 
which regulate the construction of converters have been 
given by we in the Journal of the Society of Telégraph 
Engineers and Electricians, February, 1888. 

I may also say that Mr. Westinghouse has in his 
lamps 70 per cent. of the power given to the belt by his 
engine, which is a very good return for converters and 
alternating dynamos, showing that the new alternat- 
ing current machines are much superior to the old ones, 
which gave about 70 per cent. efficiency. 

The wiring is nearly all overhead in the States. 
The wire used is called simplex wire and is made by a 
firm in Boston. It is very carefully pre , and is, I 
think, beginning to be known in this country, and 
gives satisfaction. 

For underground work Waring cable, which is lead- 
covered, is used with complete success. I am informing 
you now of whatis being used, and used successfully, 
and what may be used successfally by us in this coun- 
try ; but you must not suppose that I hold that these 
arrangements are the best. 

Now comes a most important point of distribution. 
Ought the conductors to be massed in one heavy main, 
with all the dynamos feeding it, or ought the main to 
be much subdivided, with, perhaps, several to each dy- 
namo ? or ought we to take an intermediate arrange- 
ment? The experience of the Westinghouse Company 
leads to the subdivision of mains as far as possible, be- 
cause a short circuit on any main then endangers only 
one dynamo. 

I have often been asked the question whether alter- 
nating dynamos can be worked in parallel. They can, 
when they are fully loaded down ajmost to half load, 
but below that they do not synchronize. Great subdi- 
vision of the mains has been found in practice to facili- 
tate largely the working of the central station. 

There is one thing that will probably be spoken 
about in the discussion which will follow my remarks, 
and that is the high speed of the Westinghouse dy- 
namo. I think there is needless objection to high 
speed by engineers in this country. If we have a uni- 
form cylinder of iron revolving, I have no objection to 
any rate of speed so long as I know the shafting will 
not give way. 

I think it would be desirable that some of the gentle- 
men present should give us their views as to the desir- 
ability of using a high or low number of alternations, 
high or low voltage in the primary, whether 50 volts 
will be desirable in use, and also as to whether subdi- 
vision of wains is desirable, and whether the convert- 
ers should be supplied with only a limited number of 
* such as 40 or 50. 

I have now attempted to give you a general idea of 
working central stations in America on the system 
which has been most fully developed of late years. It 
is the result of a great amount of careful work, and in 
the work of the immediate future in England Iam sure 
that English engineers will be benefited by the large 
—— experience which our transatlantic cousins 

ave collected. 








COVERED RESERVOIRS.* 


By Cuas. H. Swan, Civil and Sanitary Engineer, 
Boston, Mass. 


ANCIENT COVERED RESERVOIRS. 


COVERED reservoirs have been used for the storage 
of water from periods of great antiquity. They have 
been constructed of various sizes and shapes, from the 
small cisterns supplying single dwellings to the large 
reservoirs of ancient fortified cities and of modern 
municipal water works. 

During recent excavations at Jerusalem.+ many ap- 
cient reservoirs have been discovered. Those which 
appear to be the oldest, and of very great antiquity, 
were formed by sinking deep wells through the rock 


* 7am the Journal of the New England Water Works Association, 








+ The Recovery of Jerusalem. New York, 1871. 








and then making an enlargement at the bottom to act 
asa collector. d in antiquity are the cisterns 
with natural roofs. These were excav in a stratum 
of softer rock, the overlying harder stratum serving as 
a roof. A third class was formed by excavating the 
rock and covering the opening with an arch. A fourth 
class, modern, were built amid the loose debris, the 
accumulations of the centuries, which forms a large 
portion of the site of the modern city. It is estimat- 
ed that the ancient subterranean cisterns in the 
poe the Temple alone contained upward of 
10,000, gallons. One of them, known as the Great 
Sea, is said to have had a capacity of 2,000,000 gallons. 
Numerous other cisterns, some of them of ~ capa- 
city, have been discovered, excavated in the rocky hills 
of the vicinity. 

Although foreign to the immediate purpose of this 
paper, it may be interesting to mention a few facts 
relative to the ancient water supply of thecity. Be- 
sides the water furnished by springs and wells, and by 
the collection of rain water, there was a large supply 
brought from a distance by aqueducts. The rewains 
of two such aqueducts are in existence; one the high 
level, the other the low level. The latter was over 40 
miles in length, and still carries water as far as Beth- 
lehem. It corresponds in length with an aqueduct 
known to have been built by Pontius Pilate, but it 
cannot be fully identified. The high level aqueduct 
drew its supply from a tunnel four miles long, excava- 
ted in the rock beneath the bed of a valley on the road 
to Hebron. Near Rachel’s tomb it crosses a valley by 
means of an inverted siphon, 15 inches in diameter, 
formed of large perforated blocks of stone set in a mass 
of rubble masonry. The joints seem to have been 
ground. They are united with an extremely hard 
cement. This aqueduct cannot be traced within some 
miles of the city, but it is mene’ to have entered 
near the northwest corner and to have supplied the 
upper part of the city. 

hese brief statements, which are from the published 
accounts of the work of the Palestine Exploration 
Fund, show, as do the remains of Roman water works 
at Lyons, France, that the principles of hydrostatics 
were known to the ancients, who were prevented from 
applying these principles extensively by the difficulty 
of obtaining, in those days, pipes of sufficient size and 
strength to convey large volumes of water under heavy 
ressure. The familiar arrangement of separate aque- 
ucts under different heads for supplying high and low 
districts is also seen to date from a very remote period. 

Many fortified cities of antiquity were provided with 
subterranean reservoirs to supply water during sie; 
The ancient cisterns of Constantinople are reported to 
have contained — 2* for 1,000,000 men during four 
months. Several of them are still in existence. Other 
ancient covered reservoirs might be mentioned, but 
these examples are sufficient to indicate their magni- 
tude and importance. 


MODERN COVERED RESERVOIRS. 


The covered reservoirs of wodern water works owe 
their origin to the necessity for maintaining the purity 
of the supply when it is stored in the vicinity of large 
cities. The effect of covering is : 


1. To protect the water from solar heat and light ; 
thereby securing uniformity of temperature aud 
preventing the growth of vegetation. 

2. To protect the water from atmospheric impuri- 
ties. 

8. To prevent malicious pollution, 


These three classes of evils vary in relative import- 
ance in different climates and | ities. 


EFFECTS OF LIGHT AND HEAT. 


It has for many years been recognized that water de- 
rived from certain subterranean sources is peculiarly 
liable to be invaded by vegetable growths upon expo- 
sure to thelight and heat of the sun in open reservoirs. 
Examples of this action have been found in water from 
various geological formations, both in Europe and in 
the United States. Apparently, such water contains 

riociples which do not affect its clearness or limpid- 

ty, but which promote vegetation upon exposure to 
the light, rendering the water unsightly, and frequent- 
ly developing a disagreeable taste and odor. The ex- 
aminations of the water supplies of towns now being 
made by the Massachusetts State Board of Health will, 
it is hoped, farnish an explanation of this curious fact. 

An interesting illustration of the effect of excluding 
sunlight from a water derived from subterranean 
sources, and which had caused complaint, is given by 
Mr. G. H. Parker in a recent report,* some of the de- 
tails of which are as follows : 

The town of Brookline is supplied with water from a 
covered filter gallery. The water is pumped into two 
reservoirs, one of which is an iron tank supplying the 
high service. Complaint having been made that the 
water supplied from these reservoirs had an offensive 
taste and smell, while the water in the filter gallery, 
which was in darkness, remained free from any dis- 
agreeable qualities, it was deemed advisable to cover 
the high service tank with a double roof, and ascertain 
whether the exclusion of light would prevent the de- 
velopment of the unpleasant changes. 

Examinations made subsequent to the covering of 
the tank showed that while the water in the nee | 
gallery continued to be clear, free from green alge, an 
devoid of disagreeable taste or smell, and while the 
water from the open reservoir continued to show ‘‘an 
abundant supply of green alge, was slightly cloudy, 
and had a very strong taste and decidedly fishy smell,” 
the water from the high service tank, ‘‘ now completely 
darkened, contained only one specimen of green alga, 
was now free from odor and taste, and for all practic- 
able pur as good asthat pumped at the filter 
gallery.” It was concluded that the exclusion of light 
would be a complete remedy for the unpleasant effects, 
and a construction of a covered reservoir is contem- 
plated. 

Similar conclusions have been reached in England. 
Thomas Hawksley, the celebrated English engineer, 
testified in 1852 before the select committee on the me- 
tropolis water supply bill, that water taken from the 
new red sandstone was peculiarly liable to the growth 
of alge if it was exposed to the sun, but that the exelu- 
sion of light and heat was a complete preventive. He 


* Massachusetts State Board of Health. Nineteenth annual report. 
Boston, 1888, 
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also said that he had recommended covering a reser- 
voir at Liverpool, a short time before, to avoid these 
unpleasant results. 

he water of lakes and rivers may also be invaded 
by growths of algw under favorable conditions. This 
growth is greatest in shallow, open reservoirs or ponds, 
where the water is comparatively still, and where it is 
exposed to.a considerable elevation in temperature. 
In reservoirs exceeding 12 or 15 ft. in depth the growth 
does not appear to be so troublesome. 


ATMOSPHERIC IMPURITIES. 


The danger of pollution from atmospheric ee 

is greatest in the neighborhood of smoky cities. At 

London this was formerly the source of great annoyance. 

The surface of the water in reservoirs was often covered 

with a film of soot and dust, and if the water remained 

3 the reservoir a sufficient time, it acquired a bitter 
avor. 

The general board of health, in its report in 1852 on 
the supply of water to the metropolis, in consideration 
of this trcuble and also of the fact that filtered water 
after exposure in open reservoirs frequently had to be 
strained before it could be used for domestic purposes, 
on account of growths of alge in the reservoirs, arrived 
at the following conclusion : ‘‘ Against the modern en- 
gineering practice of exposed and open reservoirs we 
would rather revert to the custom of the Roman en- 
gineers, and recommend covering the service reservoirs 
and aqueducts to the utmost extent practicable.” 

Influenced by similar considerations, the select com- 
mittee of the House of Commons reported a bill, which 
was passed July 1, 1852, containing the following 
clauses : “‘ Every reservoir within a distance in a straight 
line from St. Paul's cathedral, in the city of London, of 
not more than five miles, in which water for the sup- 
ply for domestic use of the metropolis or any part there- 
of is stored or kept by any company, shall be roofed in 
or otherwise covered over: provided always, that this 
provision shall not extend to any reservoir the water 
from which is subjected by the company to efficient fil- 
tration after it is discharged from such reservoir and 
before it is passed into the mains or pipes of the com- 
pany for distribution, or to any reservoir the whole of 
the water from which is distributed through distinct 





mains or pipes for other than domestic purposes, nor to 
any reservoir whatever the water stored in which shall 
be used exclusively for other than domestic purposes. | 
. . « No water shall be brought or conducted within | 
the metropolis by any company for the purpose of do- 
westic use otherwise than through pines or through 
covered aqueducts, unless the same shall be afterward 
filtered before distribution.” 

English engineers, having in mind the conditions ob- 
taining in England, appear to regard protection against 
soot and dust as the most important point, although 
they by no means ignore the importance of protection 
against heat and light. 

French engineers, on the other hand, seem to con- 
sider protection against solar influences as the most im- 

wrtant. This naturally follows from the fact that 

rench cities are much less smoky than English cities. 

The atmospheric conditions in the United States re- 
semble those of France, although there are localities 
in thir country which are as smoky as any in England. | 
The need of covered reservoirs has been felt here for 
several years, especially since the use of ground water 
as a supply, and the practice of filtering, have become 
common, and several have been constructed. 

(To be continued.) 








ON VARIABLE LOAD, INTERNAL FRICTION, 
AND ENGINE SPEED AND WORK.* 


By RoBeErt H. Tuurston, Ithaca, New York, Member 
of the Society. 


In a recent paper on the “Internal Friction of Non- 
condensing Engines,” the writer gave the result of a 
series of experiments made to determine by further re- 
search the character of the internal friction of engines 
without condensers, and the method of its variation 
with variation of the usual conditions of operation. It 
had been shown previously that, in some classes of 
engine at least, this friction is constant with all loads 
whatever, up to and beyond the rated power of the 
machine. It was, in the last paper,t+ incidentally stated 
that the experiments kindly directed by Professor 
R. C. Carpenter, in the laboratory of the Sibley 
College of Cornell University, has indicated a slight 
increase of internal resistances with increase of engine 
speed. For the small engine then tried, this increase 
amounted to eight per cent. of the number of revolu- 
tions made by the engine per minute. It is thus found, 
for that case, that the percen of power lost by 
friction was a constant fraction of a given total power of 
the engine at all speeds. 

This investigation has been continued during the 
past college year, and further data obtained from a 
nuwber of engines of various types and sizes, the results 
of which investigation are now for the first time here- 
with presented. A summary of the work on the first 
engine used, and already reported upon, is here again 
given for comparison with the later results of trials made 
with other engines.{ It will be seen that the method 
of variation of this friction with change of speed is ap- 

rently very largely dependent upon the method of 

ubrication and its efficiency. 

A very similar variation in this respect is to be traced 
in almost all cases of experiment made to determine the 
friction of journals or other rubbing surfaces, a very 
large number of examples of which will be found re- 
corded in the recent work of the writer on “ Friction 
and Lost Work in Machinery and Mill Work.” § 

One of the engines employed in this later investiga- 
tion was built by the Lansing [ron Works, of Lansing, 
Michigan, an engine having a steam cylinder eight 
inches in diameter, and a stroke of piston of twelve 
inches. It was fitted with an ‘automatic gear,” and 
was of the same class and very similar in any respects 
to the well known Buckeye engine, built at Salem, 
Ohio. The valve is balanced, and has an unusually 
quick and wide opening, giving steam in a very satis- 








* A paper p ted at the eighteenth ing, Scranton, 1 American 
Society of Mechanical Engineers, Advance sheets from Volume x., 
Transactions. 


+ Vol. ix., Transactions Am. Soc. M. B., Nov., ccolxv. 
¢ Trans., Vol. viii., No. 88. 
§ New York, J. Wiley & Sona, publishers, 1885, 





factory manner. The alteration of was effected 
by changing the ition of the balls of its governor. 
e brake worked well throughout the tests, and the 
—— done by a hand counter, was thoroughly re- 
adie. 

The following table exhibits the results obtained, both 
from this engine and from a 12 by 18 inch engine also 
—— in the same research. The smaller engine 
had been in use about a year ; the larger was new and 
had not left the shop. 


TABLE I. 
FRICTION WITH CHANGE OF SPEED. 
Lansing Iron Works. 8 x 12 Automatic. 











No. of revolutions. | Average Friction H. P. No. of trials. 
200 2°91 1 
220 2°63 6 
285 2°44 1 
260 2°89 1 
175 9 07 2 
180 8°87 5 
185 10°60 2 
190 7°55 4 
192 8 11 6 
187 9°74 2 








Another series of trials was made by the same ob- 
servers, using a “tandem compound engine,” also 
built by the sing Iron Works, having cylinders 14 
and 21 in. in diameter, and 20 in. stroke of piston. The 
two pistons were secured to one rod, and the cylinders 
were thus placed the one behind the other. Its asual 
speed was about 200 revolutions per minute, and it was 
non-condensing. The machine was new and its friction 
therefore probably greater than it would have been 
later, by a considerable amount. The data obtained 
gave the following results : 


TABLE IT. 
FRICTION WITH CHANGE OF SPEED. 














Tandem Compound Engine. Cylinders 14x20 

and 21 X20. 

Rev. of erfgine. Average F. H. P. No, of tests. 
130 21°84 1 
136 25°97 1 
156 28°49 3 
158 28°50 2 
159 24°16 2 
160 27°78 3 
162 25°37 1 
165 27°78 3 
168 28°35 2 
188 30 85 1 











Norr.—The above test shows an increase of friction nearly proportional 
to the increase of speed, the equation of the curve would be 


y = 0°168 a. 
number of revolutions 
friction horse power. 


y 
x 
The most extended range of speed was obtained with 
a small engine recently brought out by the Lansing 


Lron Works, and called, from its inventor, the ‘* Jarvis 
engine.” (Fig. 1.) It was one of the first of its class 














Fie. 1. 


and a new engine. 1n this machine the piston is fitted 
with a globe joint, by means of which it is attached to 
the rod, which latter thus vibrates as it drives the 
crank by a direct connection with its pin. To permit 
this vibration, instead of having a fixed trunk secured 
on the piston as is usual, forming a “half trunk” 
engine, the front head is es with a globe joint 
also, in which works a coned ve, within which the 

slides, and the whole swings back ward and forward 
as the crank turns and the piston traverses the cylinder. 


This makes a novel but tical 
and, so far as — yet Indicates, a — = 





cessful one. It has been found possible to drive thig 
engine up to enormously high speeds, and to secure g 
smooth and safe motion. piston rod stuffing box 
is placed at the end of the taper sleeve. This e 
has been in operation for six months at the s ot 
350 revolutions per minute, making woillions of turns, 
without attention or visible wear. The valve wag 
balanced, and the speed was regulated by a throttling 
governor. The friction was low, as might have been 
anticipated from the lightness of the running parts, 
The results obtained are shown in the following table, 
They are substantially the same as with the other 
engines, the speed variations showing increase of frig. 
tion with velocity while the engine was underloaded: 
but it will be seen that the friction later became con. 
stant, and remained so, substantially, through a wide 
range of loading, up to the maximum reached. From 
175 to 500 revolutions minute, the friction increased 
according to the usual law ; but re fea: hagwadtns 
lutions, the internal friction remained sensibly constant, 
the loads being light throughout ; while, when fully 
loaded, the speed ranging from about 175 to 912 revoly, 
tions per minute, the friction remained very nearly con. 
stant, and its variations were irregular. This is well 
shown by the diagrams which follow this paper. 

















TABLE III. 
THE JARVIS ENGINE 7’ X77". 
Friction with change of speed. 
Steam pressure constant at 80lb. Engine running 
light. Trial No. 1. 

| — 
No. of | Spring of | Revs. of M. R. P. M. E. P. 1. H. P. L A. P. | Frict’n 
Card. | Indicator.) Engine. | Head. | Crank.| Head. a | H. P. 
1 20 187 2°2] 2°9 | 0 28 | 0°375] 0-687 
2 “ 187 2°3 | 2°5 | 0-293) 0°308) 0-601 
3 - 168 2°8 | 2°5 | 0°329) 0°280) 0-609 
4 = 293 1°8 | 2°0 | 0°359 0-427, 0-786 
5 * 293 1°8 | 2°0 | 0-359 | 0-388) 0-747 
6 * 298 2°2 | 2°*2 | 0°440| 0 428 0°868 
7 40 364 1°8 | 2°2 | 0°450) 0-582 0-989 
8 ‘i 380 2°8 | 1°8 | 0°724) 0 467 1:1% 
9 " 375 1°8 | 1°8 | 0°459| 0°461) 0-918 
10 ™ 519 1°7 | 1°5 | 0-600 0-514 1°114 

il — — — — — 
12 — 554 8°2 | 2°6 | 1°20 | 0°95 | 2°156 

18 — — — — — — 
14 * 554 2°4|) 32) 0°90 | 1°17 | 207 
15 " 633 3°4| 3°8 | 1°46 | 1°58 | 3 05 




















The earlier work already reported was mainly ona 
single class of engines, and it remained a question 
whether the variation of load in other forms of engine 
might not cause variation of the internal friction to an 
important extent, and according to fixed or various law, 
rm if so, what were the conditions producing such 
variations and what were those laws. Advantage was 
taken of the opportunity presented in this series of ex- 
periments upon the sing engines to determine what 
was the variation, if any, of the internal friction of the 
several classes there met with, in this respect. The 
variety there found was most favorable to this end. 
They were, as was seen, of various types, including 
the common slide valve with locomotive valve gear; 
two with automatic valve motions, with balanced 
valves; one compound engine, condensing and with 
balanced valve; and the new high speed engine of sing- 
ular design which has been just described as the ‘ Jar- 
vis engine.” 

Table IV. gives the log of the straight line engine 
tested by Professor Carpenter and Mr. Preston, and 
Table V. that of the? x 10slide valve, the working 

of the standard traction engine of its builders. 
he trial of the latter was conducted with the ‘' ahead 
motion ” in gear, adjusting the link as required, to se- 
cure variation in the point of cut-off, setting it at 4, ¢, 
and % stroke for the several trials. The driving pulley 
was 42 in. in diameter, and its weight 320 pounds. The 
brake had an arm six feet in length. It was found 
impracticable to prevent some vibration while in 
operation ; but the data may be relied upon as sensibly 
and satisfactorily correct. g. 2 exhibits the method 
of attachment. The average results were the follow- 
ing: 
Friction of 7X10 Slide Valve Engine. 





Point of Cut-off per cent. | Internal Friction, H. P. 

































































0°25 2°24 
0°505 2°75 
0°87 2°98 
TABLE IV. 
STRAIGHT LINE ENGINE, 6" X 12". FRICTION WITH 
CHANGE OF CUT-OFF. 
ea 1S & 
; || Indicator on Indicator on 2 ae 
: Crank End. Head End. oe 0 a 
-|/eZis . 
3 ei -T 5 le Bi): — 
sisi. * —— —244 BS 5-8 8 
325 at i ed fed sae) § 
2/84/35) 3 |e ala |/& Fi be |< F 
| 
1 |36 || 2°88:00}2°80|-511 3 |e 70) ox -0041-08 
2 (35 |] 2 8i2-95/2°85| “519)/3°O |3-25/2°94 “551| 1°07| 28, -004 1-12) 
3 |84 || 2:2 2-5O}2-64}-404)|2°9 |2°75[2°65| 479], “94 a eget ogi" 
4 |34 || 2°6.2°70)2-80)- Bt 3°15)2 57|-451]| °96) 237 oer es 
5 |33 || 2°8\8-00)2-80)- "2 |3°15)8"10)- 96) 222,004 1.13 
6 |&2 || 2-6)8-00/2"60'-416)(3°0 |3°15/2°86)-471|) - 23-0041 08 
8 |38 || 4°1/3°15|3°90| "730)/4.4 |3°00/4-40 858) 1°60) 262) -006 1°62 
9 |30 -|| 3-83" 3°43 4°1 |8-00/4-10 -808| 1-50, 263-006 1°51 1°44 
10 |30 || 3°8,3-15)3°62|-687||3°4 |3-00|3-40 -685) 1°38) 286, 005 1°36 
LL [89 || 3°0'8°15/2 90 °566)/3°1 |2°90)8 21 -633) 1°19) 264 “004 1°19 
¥2 |44 || 3°7/2°7018°45| 664) 3°70,2-70/4- 11-813) 1 48) 266, 006 1°47 
13 |46 || 3:8 2°85/4 00 -700) 406 3 20)8°78 748) 1-52) 287) 008 1 51) 
14 44°5|/ 8-7/2 86980) 743}/4°90 3.204 05 “795 1 287-006 1°53 1 
15 |44 || 3°6'2°85/3°81) 731] 3°80 8°17/3°57 698) 1-42) 285, “005 1°42) 
16 |42 || 3°8 2°85/4°00) 1°52} 262,006 1°54) 
TT [30 || 4:1 2°80)4-38)-818)|4° 40,3: 15/4"17 S00) 1°62) 264, “006 1-63) 
B 39 462° . . 493° “65° 1 258) "007 1°33 > 
19 |40 || 3°5 2°85|3-69| 705) 3°85 3°17|3°63 -713) 1-42) 285, “005 1-42 1 
2 . 4:42°85)4°@2 — 15)3°81 *748) 1°63) 266 Sis 
|] #52 ot 701 206) “006 ,1 39) 
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TABLE V. 


qesT FOR FRICTION, WITH CHANGE OF LOAD AND OF 
POINT OF CUT-OFF. 


Lausing Iron Works Engine. 
7" xX 10° Fraction. 


TABLE VI. 
FRICTION WITH CHANGE OF LOAD. 
Automatic Engine, 8 x 12". 
Lansing Iron Works. 


Taste VII. 
FRICTION WITH CHANGE OF LOAD. 
Automatic Engine, 12° x18". 
Lansing Iron Works. Steam Pressure, 80 1b. 
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9| 110] 228/196 | 20°7| 4:34) 4-49] 8 46 | 6°02) 2°81 |“ 
10 | 110, 227 | 18°6 | 20°1| 4°12) 4°38} 8°60} 46 | 6 01) 2-49 |* 
11 | 110] 218 | 41:3 | 44°2| 8 75} 9°17) 17°92] 115 | 14°38) 3°54 |“ 
32 | 115) 202 | 43°2 | 47°7 | 8°28] 9°17] 17°45) 122 | 14°05) 3°40 |* 
13 | 15] 20 | 443 471| 9°47] 9°86] 19°33) 133 | 16°55) 2°78 |“ 
14 | 113) 200 | 54:0 | 50°7 | 11 55| 12°50] 24.05, 170 | 21°82) 2-63 | 
15 | 115, 200 | 56°1 | 62 9 | 10 91] 11-96] 22-89] 167 | 19°04) 8°85 |“ 
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5| 7 2 ‘a7; 8 5 
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FRICTION WITH CHANGE OF LOAD. 
Lansing Iron Works. 
7X10 Slide Valve. 

















Cut-off 44 Stroke. Cut-off 7 Stroke. 

0, v le 
soeed. | STEMS | rnie, | Sree | HSM | cre 
200 | 3°24 4 200 8°59 1 
202 | 98:40 1 | 202 4°05 1 
218 | 3.54 4 204 2°76" 1 
220 | 2°78 1 210 2°75 3 
227 2°49 — 

228 2°81 1 
230 2°26 1 
282 2°25 1 

















k Cut-off per 
. cent, 


Head Crap 
Indicator. | Indicator. 





No. of Card. 


Brake H. P. 
Brake load. 


M. E. P. 
H. P. 
H. P. 
Total 1. H. P. 
Revolutions. 


| Friction H. P. 
Head. 
Crank. 
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FRICTION WITH CHANGE OF SPEED. 
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Revolutions. a No. Trials. 
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the engine at full power, and it could not, for that 
reason, be worked at its rated capacity. Its details 
had the following dimensions: Rod 24 in. diameter ; 
main shaft 5 in.; main pulley 6 ft.; weight 1700 pounds ; 
weight of shaft and crank 900 pounds. The log is 
given below, and the results of the trial indicate the 
usual condition ; nearly constant friction loss, inde- 
pendent, in even its minute variations, of the load on 
the engine. No sensible change of friction was found, 
for the changes of speed observed, due to the short- 
ness of steam supply. This engine was also finally 
taken apart and tested for distribution of internal fric- 
tion, as elsewhere described, a transmission dynamo- 
meter being substituted for the brake used in these 
trials, the engine driven by an external source of power 
and part after part taken off to give the friction of 
each of its important elements. 

The tandem compound engine of the same builders 
was 28 inches stroke of piston, and the two cylinders 
14 and 21 inches in diameter, both secured on one rod 











~~ hod 








Fig. 2 


Plotting the curve thus obtained, it is at once seen 
that the friction is decidedlyjincreased with increase 
of load, and decreased in the ratio of expansion. The 
first seven cards were calculated. assuming the head 
and back areas of piston equal, and thus obtaining the 
mean effective H. P.; while the other cards were work- 
ed up as indicated in the log. These results with 
changing cut-off were different from those secured by 
variation of load at constant ratio of expansion. 

lacing a variable load on the brake arm, and thus 
varying the power from 0 to 21 H. P., the point of cut- 
off being retained constant, it was found that the fric- 
tion was very nearly constant, and not variable with 
the load. The distribution of friction was then ascer- 
tained by a careful trial, the results of which are pre- 
sented in another paper. There, as in the other trials 
described in these papers, the brake was handled sub- 
stantially as descri in papers already read before 
the society. 

The 8 X 12 automatic engine, which had been in use 
& year, and was thus well worked into smooth running 
order, was tested in the erecting room of the shops of 
the Lansing Co., bolted down on two blocks which 
were not heavy, but which answered their purpose 
fairly well. _The log of the trial is given in ful!, and 
shows the internal friction to have been practically 
constant forall loads, and to have slightly increased 
with decrease of speed. The speed adjustments were 
made at the governor. 

The 12 x 18 inch automatic engine was a new machine 
and had not been used ; it had only been in operation 
at the shop long enough to determine the set of its 
valves and the correctness of its construction. Its 
internal friction was naturally high, but it is presumed 

the variation, if any, would follow the same law 

a8 when the engine has attained a smoother condition 
ong service. The brake arm was 7 feet long, sus- 
with a counterpoise which removed all its 

from the brake wheel and engine bearings. A 
'o stream of water kept its temperature down. 
steam supply was not equal to that required by 















































Head Crank 
= Indicator. Indicator. 5 
. a . Oe 

E eg = 3 — = 
on FI — — 
S$) oa) ag la] a | ow 3 E : : 
z\e@ | el el] ss 
1 | 190 | 8-6 | 8°40] 3-0 | 2°88 11:29 | ~ | 11°20 
2 | 190 | 8-5 | 8-80] 2-8 | 2°89) 11°19] O- | & 41119 
8 | 190 | 8°5 | 8°80] 2°6 | 2°50; 10°80 0°) O , *&°80 
4| 180 | 4:4 | 4°08] 4°6 | 4°19} 8-27 0° | O- | » 27 
5 | 180 | 4°8 | 4°44) 4°75) 4°82] 8°76 0° | O- | 8°76 
6 | 182 | 7-75) 7°25] 6-5 | 5-99] 18°24! 11°5| 2-79) 10°45 
7 | 188 | 6°7 | 6-27| 7°9 | 7°28] 13°55! 11°5| 2-79) 10°76 
8 | 187 | 81 | 7 79) 7°2 | 6-81] 14°60 21°5| 5°85! 8°25 
9 | 187 | 9 25] 8°89) 8-4 | 7 95) 16°84 22°5| 5°61) 11°23 
10 | 180 | 9°5 | 8°89/10°75| 9-90) 18°89 28°5| 7-89) 11°00 
11 | 192 14°38 /12°14] 7°5 | 7 20] 19-48 46°0| 11°78) 7°65 
12 | 192 |15-25/15-05] 5°9 | 5°73) 20°78 49°0| 12°54) 8°24 
18 | 192 144 |14°21| 7°25] 7-04) 21°25 49°O| 12°54) 8°71 
14 | 192 /16°5 |16°28, 5°70) 5°54; 21°82, 49°0| 12°54) 9°28 
15 | 190 |16°8 |15 92) 9°50) 9°18) 25-05' 72°5| 18°87] 6°68 
16 192 |15°9 |15-69|10-25| 9°96) 25°65 72°5) 18°56) 7°00 
17 | 192 |17°75|17°57/10-00| 9°96| 27°58) 77°5| 19°84) 7°69 
18 | 185 22°5 |21°40/16°00/14-98| 36°38 115°5| 28°49) 7°89 
19 | 185 22-75|21°68|16 25/15°26| 36-94 120°5| 29°72) 7°22 
20 | 180 26°0 |24-06/18-90|17°21| 41°27 142°0) 84°08) 7°19 
21 | 180 24-4 |22°57/20 90/19°04| 41°61/142°0, 34-08) 7°58 
22 | 180 25:6 |28°69/28-25 21°22) 44-91 150°5| 36°12} 8°79 
28 | 175 30°1 |27°07/84:30/80-87| 57°44 210°5| 49°11) 8°83 
24 | 175 i20°9 QT 84 90}80-90 58°70 200°5| 48°80} 9°81 








and driving the same crank. The exhaust steam from 
the high pressure —** is conveyed to the low pres- 
sure engine through a pipe, which is also a sleeve for 
the valve stem of the former. This valve stem passes 
also through a hollow stem driving the valve of the 
low pressure engine. The latter is driven by a fixed 
eccentric, while the high pressure valve is actuated by 
a loose eccentric, which latter is adjusted momentarily 
by an automatic system of governing. The regular 
speed is 200 revolutions per minute, the engine non- 
condensing. The machine was tested in the erecting 
shop, like the preceding, and in substantially the same 
manner. It was new, and its friction waste there- 
fore abnormally high. The same brake was used as 
before, and it worked admirably and gave, probably, 
thoroughly reliable data. The friction was 28 H, P., 
and very constant through the whole series of trials. 
Three light cards, the engine being entirely unloaded, 
give an average of 28°85 H. P., and nineteen cards at 
various loads give an average of 27°33 H. P. The steam 
pea was very evenly held at 85 nds by gauge ; 

ut a contracted supply pipe caused some fall of pres- 
sure en route to the —— at heavy loads. This pro- 
duced some falling off of speed. The method of opera- 
tion was, in these tests, usually, to first apply the 
brake load, then to allow the engine to fully reach the 
speed desired, and then, when at constant speed, to 
take indicator diagrams, record of steam pressure, 
speed, and the brake load as nearly simultaneously as 
possible. Cards were taken earlier by driving the 
engine with low pressure cylinder alone, thus securing 
a measure of its friction as a single cylinder engine ; 
two sets of cards thus taken, light, gave a friction of 
82°6 and 84°6 H. P.trespectively. Eight cards, the en- 
tire engine loaded, gave 20°2 H. P. at! 150 revolutions, 
and 31°6 H. P. at 175 revolutions. The trial on which 
the conclusions of this paper were based was made 
later, after several days’ operation, and the valves re- 
adjusted to give a better distribution of work. The 
last card obtained was taken two or three weeks later 
while at regular work. The variation of speed noticed 
was vnaccompanied by any observable variation of 





internal friction, The following is the log : 


TABLE VIII. 
FRICTION WITH CHANGE OF LOAD. 
Lansing Iron Works. Tandem Compound Engine. 
























































High Pressure Cylinder, 14” « 20’. Low Pressure Engine, 21” x 22”. — ‘. 
3| 2/_ —— Be 1 a . 
6| 3 si 3 | = 
Pad M.E.P I. H.P. M. E. P. LEP. Be eer © a 
oe Z 3/25] # d é 
+6 i g)e) 2) 4 | E 

Crank. Head Crank. Head Crank. Head. Crank. Head. ad 
| 
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2 | 165) 28°3 15°5 29°12 | 19°88 49°00) 1°4 1°8 3°97 2°89 | 6 55°86} 128 | 27°12) 28°74 
83 | 168} 23°2 15°3 29°52 | 19°98 49° 1°38 1°4 3°93 4°12 | & 57°55) 1381 | 29°26) 28°29 
4 | 188) 27°3 23°7 28:53 | 25°40 52: 5°7 5°8 12°06 | 13°98 (26- 79°97; 284 | 52°15) 27°82 
5 | 152) 25°7 21°8 29°14 | 28°10 57°24) 5°3 4°9 13°89 | 13°08 26° 84°1 290 | 58°81) 26°35 
6 | 168) 24-2 21°5 80°80 | 28-07 58 2°8 1°7 9°79 4°99 (14 73 65) 202 | 45°25) 28°40 
7 160; 25°2 | 28°8 80°53 | 29°60 60°13) 4°0 3°9 11°04 | 10°91 (21° 82- 257 | 54°88) 27 25 
8 | 165) 24°6 | 22°7 80°74 | 29°11 59°85) 3:5 41 9-68 | 11 82 (21° 81 252 | 55°44) 25°92 
9 | 165) 24°4 | 22°3 30°47 | 29°69 60°18) 4:0 3-7 11°55 | 10°68 22- 82- 244 | 53° 28-69 
10 159) 25°6 | 24:3 | 30°88 30-03 60- 4°5 4°4 12°84 | 12°24 (24 85° 289 | 61° 24°17 
11 | 159) 25°56 | 2°9 80°70 | 29°55 60°25) 4°55 4°8 12°42 | 18°37 (25° 86° 292 | 61° 24°14 
12 | 183} 19-4 14°9 26°38 | 21°19 47°57) 0°55 0°56 1°76 1°78 | 3 51°11) 88 | 20° 30°85 
18 | 1741 22°8 19°4 80°05 | 26°24 56° 2°00 17 7°00 5°16 |12° 68° 145 | 38° 34°70 
14 | 160) 25°9 24°2 31°38 | 30°10 61°48] 4°2 4°9 11°58 | 13°71 25° 86- 268 | 56°11; 30°66 
15 | 162) 24°3 23°0 29°82 | 28°96 58°78) 3°7 41 10°26 | 11°61 (21° 80°65) 256 | 55° 25°37 
16 158} 1 25°7 23°4 30°76 | 28°76 50°52) 4°1 4°2 11°18 | 11°61 '22° 82°31} 261 | 55°00) 27°31 
17 | 160) 26°5 25°5 82°11 | 31°73 68 4°5 4°5 12°42 | 12°60 |25° 88° 298 | 68°57) 25°29 
18/1 27°1 25°2 82°00 | 30°58 /62°58) 4°6 5°45 | 12°38 | 12°56 24 87°47, 288 | 58°85) 28°62 
19 | 136); 27°2 25°0 28°01 | 26°48 |54°44) 7°0 6°5 16°46 | 15°45 (81° 86°35} 3883 | 60°38) 25°97 
20 | 180) 27°4 24°6 26°96 | 24°88 |51° 70 6°8 15°73 | 15°46 (31° 88°08) 353 | 61°19) 21°84 
21; 1 16°8 4°7 19°88 5°70 |25° 1°0 0-4 2°60 1°08 | 3 29°22) o° O° | 20°22 
22 | 150); 12°3 6°8 13°96 7°92 |21°88} .... — ede i? ‘ — HD abieet hele bs Blacda 
23 | 156) 14°4 6°6 17°04 8°00 |25°04) 0°55 04 1°49 1°10 | 2 27° o O° | 27°68 
24 | 158} 14°9 4°7 17°80 5°76 28 1°5 0°75 4:07 2°06 | 6 29° 0 0° | 20°69 
Ajil 26°3 26°0 87°92 | 38°39 |76°31) 7°9 75 25°88 | 24°91 ec; || jo) [AP Geren Leneape 
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Still another most interesting and important investi- 
gation was made upon a compound condensing engine, 
built by the same works, as a part of an electric light- 
ing plant. Several such engines have been constructed, 
each consisting of independent engines in pairs, the 
small engine exhausting high pressure steam into the 
other cylinder steam chest, and the exhaust of the 
larger passing over into a condenser. The main shafts 
are connected by a coupling in such manner that they 
may be at any moment separated and worked inde- 
pendently, should accident to either make it necessary, 
or should but a small amount of power be needed at 
any time. The two engines are placed about 25 ft. 
apart, and connected by a 4 in. pipe. During these 
trials the brake was attached to the small engine fly- 
wheel, and the tests were conducted as nearly as possible 
in.the way already described, the same brake being 
used as when making trial of the automatic engine last 
referred to. The high pressure engine, in this case, 
had an automatic governor, and the low pressure cylin- 
der had ar eccentric fixed to cut off at % stroke. The 
twoengines were first operated independently, and then 
together. The engine friction was unquestionably in- 
dependent of the amount of power produced by either 
or by both engines, The log of these last trials is given 























sults of earlier trials of other engines, and by other 
observers, —_ be compared with those derived by this 
peculiarly valuable series of investigations, which has 
so fully vorroborated the earlier deductions of the 
writer. In conclusion, the writer would take advan- 
tage of this opportunity to express his gratification with 
the completeness and accuracy of the work of the ob- 
servers, to record and publish which is the object of 
this paper, and to acknowledge with great pleasure and 
satisfaction both the skill and patience of the investi- 
gators and the value of their work. The interest of the 
»roprietors and manager of the Lansing Engine Works 
eading (them to take a vast amount of trouble and 
some expense in aiding the observers, entitles thein also 
to both great credit and * thanks. 

Figs. 6 to 9, inclusive, exhibit, better than can any 
written description, the facts and the phenomena re- 
vealed by the several series of investigations which the 
writer has now had the privilege of presenting, and are 
a fitting supplement to the text in which the results of 
such important researches are first published. 

Fig. 6 is the graphical representation of Day & Riley’s 
observations, as exhibited in earlier papers of this 
series, and shows the method of variation of engine 
friction with change of steam pressure from 20 to 70 






































below. pounds per square inch. It is obtained by collating 
TABLE IX. 
FRICTION WITH CHANGE OF LOAD. 
Lansing Iron Works. Compound Condensing Engine. 
—— 

Low Pressure Cylinder, 22” x 18”. High Pressure Cylinder, 21’ x 20’. a | ‘ 
| - 
at = M. E. P. 1. H. P. LH. P. M. E. P. I. H. P. LH.P.| =% a — 8 
°|% | a= | @ “ 3B 
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| Head, Crank. Head, Crank. Total. Head. | Crank. Head, | Crank. Total. | # 
ui | | L 
| | | | | 
1| 187] ... * — cow | sees | sees dh hb, 4 
2} 190} 1:00 | 0°85 | 8°42 | 2°61 eee ren a as are y pee a 0° — 
31 190) 1°00 | 1°15 8°42 3°62 7°04 3°0| 4:5] 3°50] 8°08| 8°53 | 15°57) 0° | O° | 15°92 
4/196 0°05 03 1°73 | 1°08 2° 7 6°8 9°5 7°63 | 10°24 7°87 | 15°12) 0 O° | 15°07 
5 | 196) 0°05 0-3 1°72 | 1°08 | 2°75 61; 10°4 6°90 | 11°25 | 18°15 | 15°40) 0° | O° | 15°85 
6 | 196) 0°05 | o-3 1°72 1°08 | 2°75 72 8°9 8°10 9°62 | 17°7% 14°97, O° ; oO | 14°92} 
7 208} 3°05 | 35 12°72 12°48 25°20 29°1 86°0 | 84°60 | 41°25 | 75°85 |101°05) 31 85°99 15°06 
8; 208 415 | 4°65 15°10 16°78 | 81°88 85°5 | 89°7 | 42°18 , 48°75 | 85°93 11781 870 |102°61| 15°20 
9 | 208} 2°09 3:0 10°54 10°69 21°28 26°3 ; 81°2 | 81°27 | 35°77 | 67°04 | 88°27) 270 | 74°74) 13°53 
10 208, 4°00 4°2 14°55 14°97 29°52 34°1 38°0 | 40°50 | 44°28 | 84°78 |114°30 360 | 99°84 15°46 
11 208) 2°00 2°1 7°28 7°49 14°77 20°0 20°38 | 23°02 | 22°55 | 45°57 | 60°34 155 41°92, 17°42 
12 | 208} 2°01 23 | 7°68 7°84 15°47 | -22°5 | 289 | 26°77 | 38°00 | 59°77 | 75 24 210 | 58°24) 17°00 
18 | 208} 2°08 | 2°6 8°46 9°34 17°82 28°4 87°5 | 82°68 | 42°93 | 75°61 | 93°43, 280 77°62) 15°81 
14 208) 1°00 | 1°5 8°64 5°29 8°93 11°3 12°3 | 11°78 | 14°10 | 25°88 | 34°81! 65 18°03) 16°78 
15 | 208) 0°95 | 1°3 | 3°52 | 4°61 8°13 11°3 12°3 | 11°7 14°10 | 26°88 | 34°01; 62 | 17°20) 16°81 
| | | | 











The new engine of Mr. Jarvis, to which reference has|the several series of trials indicated by the different 


already been made, afforded an excellent opportunity to 
secure data of value relating to the method of variation 
of internal friction of engine, or its constancy. Cards 
were taken from this engine, up to speed of above 900 
revolutions per minute, with the Urosby indicator. 
Motion was given the instrument through a rod at- 
tached to the piston and piaying through a stuffing box 
in the head, and connected to a lever reducing gear. 
No serious difficulty was experienced in taking dia- 
grams at the highest speeds reached. Some difficulty was 
experienced in securing efficient lubrication of the brake 
when the speed exceeded about 600. The friction of the 
engine, as already remarked, was small, the number of 

arts being less than usual, and their weight very little. 

able X. exhibits the data collected in the second trial 
—the first has already been given—and Table XI. those 
obtained in the course of the third test. They are satis- 


THE JARVIS ENCINE, 
7 inch Bore 7 inch Stroke 
—— BUILT BY — 
Lansing Iron and Engine Works. 
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TRIAL ENGINE 
Fra. 3. 


factory as showing the independence of the internal 
friction of this engine and the load. The effect of speed 
on changes of friction of engine has already been fully 
shown. Figs. 4 and 5 show the form of cards taken, 
and Fig. 3 shows the peculiar design of steam cylinder. 

Tables XII. ef seg. are added in order that the re- 


forms of dot on the plate, and shows plainly a varia- 
tion from the lowest to the highest pressures, at which 























Card No. 7. 

915 Rev's 50 Spring. 
15.3 1.H.P. 

13.6 B.H.P, 

1.7 FM.P. 

Card No. 6. 
50 Spring. 

817 Rev's 

33.66 /.H.P, 

1.06 F.M.P. 
32.06 8.H.P, 

Card No. 3. 

874 Rev's 

20.99 |.H.P» 

19.25 BHP, 

1.74 F.M. P. 

60 Spring, 
Card No. B. 
40 Spring. 

602 Rev's 
17.3 LHP. ' 
16.8 B.H.P, 

0.5 FLAP. 


oa 
latter point the variation of power observed is due to 
other causes, and remains constant as a function of the 
steam pressure. The considerable range of deviation 
from the curve taken as eo oe nanan of the mean jg 
due to varying efficiency of lubrication, probably, ang 
well exhibits the importance of maintaining a good 
supply. of lubricating material and a constant flow of 
oil. These variations are seen to be less at high than 
at low pressures ; the normal working conditions bej 
approached, the magnitude of the engine friction tends 
to become more perfectly constant as a function of 
pressure in the steam chest. The variation of friction 
indicated at the lower pressures is probably here dae, 





























Card No. 2. 

355 Reve. 50 Spring. 

6.40 1.HP. 

5.91 B.H.P. 

39 FHP, 

sais Card No. 4, 
7.75 LHP. 

7.41 BHP, 

+34 FHP, 

50 Spring. 
Card No. 10. 

50 Spring 

576 Rev's 

18.9 1.H.P. 
17.28 B.H.P. 

72 FHP. 

Card No. 13. 

50 Spring 

481 Rev’s 
23 1.H.P. 

Card No. (8, 
60 Spring. 
507 Rev's 


22.99 |.HP, 
21.93 BHP. 


0.86 F.H.P. 








Fra. 5. 


to some extent at least, to the varying distribution of 

steam effected by the action of the automatic system 

of regulation. This-method of variation is obviously 

not an important matter as affecting ordinary engines 

in ordinary work. The other methods of variation, as 

functions of speed and of load, are much more notable. 
(To be continued.) 








THE RELATIVE MERITS OF THE VARIOUS 
TYPES OF STEAM BOILERS.* 


THERE is no branch of the great subject of mechanics 
that has been more satisfactorily written up and upon 
which the writers so uniformly agree as that of steam 
boiler construction and operation. Yet in face of the 
fact, the principles so carefully demonstrated seem to 
be but little understood or entirely ignored by those 
intrusted with the selection and design of steam boiler 
plants and by steam users generally. 

Probably the most common error of the present day 
is the supposition that excessive heating surface adds 
to the evaporative capacity of a boiler. The truth is 
there are well and correctly established proportions for 
relative heating and grate surface, beyond which there 
is no advantage to be gained. Equally common and 
fallacious is the supposition that one particular form 
or type of boiler will evaporate more water for a pound 
of coal than a boiler of a different type. Upon this 
point the authorities all agree that the type of boiler 
does not necessarily affect evaporative efficiency, and 
that under like conditions, to which all forms and 
types roe | be subjected, like results are attainable. 

t should be understood that a steam boiler is merely 
an instrament designed to receive and transmit heat. 
Its size is a matter of capacity dependent entirely 
upon the quantity of heat to be transmitted. 

It has been demonstrated that the best results are 
attained when the heating surface of the boiler is in 
the proportion of forty square feet to one square f 
of grate bar surface, upon which is consumed twelve 
pounds of coal per hour. 

Whether the heating surface of the boiler is the 
aggregate of tubes, flues, fire box, or shell is quite 1m- 
material, provided the surface of the plates be kept 

rfectly free from soot, scale and other foreign matter 

nown as non-conductors. 














Fig. 4. 





With the consumption of twelve pounds of coal per 
* A paper read by Mr. Wm. Golding before the Louisiana Sugar Plant 
ers’ A jon, September 13, 1888. 
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on each square foot of grate there will be pro- 
* a —— constant amount of heat, which 
will require forty square feet of effective heating sur- 
face to absorb, and which, if not absorbed, will pass 
uputilized to the chimney. It is therefore as essential 
that the heating surfaces should be kept perfectly 
clean from soot and scale as that the proportion of 
forty to one should be provided for in the original de- 
sien. In regard to form or type of boiler, it been 
demonstrated that when the heating surfaces are clean 
there is really no appreciable difference in evaporative 
efficiency. Yet it is obvious that while the tubes in 
the tubular type may be kept comparatively free from 
soot, they cannot be cleaned on the water side without 


oval. 
ert will therefore need no demonstration to show that 
the tubular type of boiler will from the beginning 
dually depreciate in evaporative efficiency. The 
louble fiue boiler possesses the merit of being readily 
cleaned on every part of the inside, and of being kept 
free from soot on the inside of the flues, which, if care- 
fully done, will preserve the evaporative efficiency of 
this type of boiler regen vagy 

The plain cylinder boiler, having no flues to keep 
clean and having the entire interior available for clean- 
ing and for examination and repairs, when correctly 
proportioned and properly set, ssesses all the re- 
quirements of a safe and durable boiler of the highest 
evaporative efficiency. 

If it be true, of which there can be no reasonable 
doubt, that forty to one is the proper relative propor- 
tion of heating surface to grate surface, in order to ob- 
tain the very best results, and we may here adit that, 
whether true or not, it will apply as well to one type of 
boiler as to another. 

Let us see how the proporticn will work out for the 
standard plain cylinder boiler, 32 inches in diameter 
and 32 feet long. Here we have five feet of heating 
surface to the foot of length, or 160 square feet of heat- 
ing surface, which, divided by 40, equals 4 square feet 
of grate surface. 

Now, who ever saw such rh tbo of grate under 
acylinder boiler? and yet it is the correct proportion ; 
and the fact that fully four times as much grate sur- 
face would ordinarily be placed under such a boiler 
does not affect the principle, but only shows the neces- 
sity of observing well established laws. 

* aware that in some cases efforts were made to 
utilize the heat escaping from the excessive grate sur- 
face by making the boiler sixty and even eighty feet 
long, but here again the natural laws relating to com- 
bustion and radiation were in conflict, and this line of 
approach was abandoned. 

et us now examine the proportion of the standard, 
so called, return tubular boiler, say 68 inches in dia- 
meter and 16 feet long, having 63 tubes 16 feet long and 
4inches diameter, and set with 25 square feet of grate 
surface. Here we have 1,100 square feet of heating sur- 
face to 25 square feet of grate surface, or a proportion 
of 44to1. Now, if 44 to 1 will do for tubular, why will 
it not do for plain cylinder boilers ? 

The truth is, it will do; and while the results will be 
precisely the same while both boilers are clean, the 
tubular boiler will gradually foul and lose its evapora- 
tive efficiency, while the plain cylinder boiler, for rea- 
sons already given, will maintain indefinitely its 
original evaporative efficiency. 

The foregoing, as will be observed, treats only of 
steam boiler oar vem yet, while efficiency is the first 
quality of a boiler, this quality must yield in certain 
eases to the quality of utility ; for it cannot be expect- 
ed that any particular type will be the best in every 
case. 

Take for <a the steam fire engine, the essential 
qualities of which are portableness and rapidity in get- 
ting up steam. The first quality is accomplished by 
concentrating by the tubularsystem the requisite heat- 
ing surface into a small space, with the smallest amount 
of material possible, and the latter quality is accom- 
plished by allowing as little space as possible for water. 
If a boiler is required for unsteady work, such as run- 
ning a printing press, where the work is but an hour 
or two in the day, a concentrated system of heating 
surface will be the most economical, for the reason 
that there will be but little heat to radiate during 
the hours of non-use. When the boiler is required 
to furnish steam for ten or twelve hours a day, as 
in a faetory, the best results will be attained with 
the double flue boiler, as it possesses every essential 
quality. If the boiler is required to furnish steam con- 
tinuously day and night, where excessive weight and 
space occupied is notfobjectionable, the plain cylinder 
type will yield incomparably the best results. 

_ The following will serve to explain the technical terms 
in the sense in which they are used : 

Boiler efficiency, pounds of water evaporated for 
pounds of coal. 

Boiler capacity, pounds of water evaporated per 

our. 
_ Boiler power, 30 pounds of water evaporated per hour 
is one horse power. 

Heating surface, that portion of the boiler or flue ex- 
posed to the fire or product of combustion. 

The heating surface in any type of boiler should 
pe fecty square feet to each square foot of grate sur- 

2. 

The draught at all times should be ample to insure 
the combustion of twelve pounds of coal per hour per 
Square foot of grate surface. 

From a careful perusal of the foregoing, which will be 
found to accord with the authorities, a careful business 
man will be able to decide for himself the type and 
* of the boiler best suited to his particular 


In the early days of the steam boiler its application 
and nse was not restricted by reason of space or weight ; 
—— and safety being then the only considera- 


With the advent of the locomotive and the steamship 
new conditions were required, to meet which the tubu- 
ar system came into existence, not as an improvement 
3 Aseovery. but as an expedient, thus giving rise to 
© error which has become universal, that “the tubu- 
ar boiler makes the most steam.” 

e have here a lesson ‘“‘not dreamed of in philo- 
fophy, that while truth, the physical associate of mat- 
er, is arrested by the same impeding causes, its op- 
ponent, error, seemingly forgotten and unelassed in 
— rolls on with undiminished speed through in- 





THE GREAT LAKES. 


WE have received from the author, Mr. Charles 
Crosman, a copy of his valuable chart, 25 x 37 inches, 
showing ———— the fluctuations of the water sur- 
face and the rainfall from 1859 to 1888, line of deepest 
water, greatest depth, areas of water surfaces and 
basins, discharge and tides of the great lakes, compiled 
from official data obtained from the United States e 
Survey, Smithsonian Institution, and War Depart- 
ment. From the accompanying notes given by Mr. 
Crosman we take the following: 

An accurate knowledge of the rise and fall of the sur- 
face of the lakes from other causes than by winds is of 
— to all ——— in Lee —— — to 
owners and occupants of property nt there 

The rapid development of the grain-growing district 
west of the head of Lake Superior, and the iron mines 
on the north and south shores of the lake, having oc- 
curred during a period of high water, has stimulated 
the building of vessels of deeper draught and larger 
carrying capacity than prevailed a few years ago. 

A careful examination of the chart will show that 
from 1882 to 1888 the surface of Lakes Mic . Huron, 
and Erie was considerably above the mean level. 

The water in the spring of 1888 was about one foot 
lower than the average of the period from 1882 to 1887, 
and, judging the future by the t, it is probable that 
for several years next ensuing there will be no perma- 
nent increase in depth. 

During periods of high water, parties interested in 
navigation are happy, while owners of property on 
the lake shores are less jubilant as they witness the 
rapid erosion of the shore and disappearance of their 
real estate, never more to return. Occupants of stores 
and warehouses are also subjected to much anxiety and 
not unfrequently to heavy losses by the flooding of 
basements and cellars. These losses may be material- 
ly lessened by taking the necessary precautionary mea- 
sures. 

The widespread anxiety that the fall of about one 
foot in the level of the lakes causes to those interested 
in navigation, and the readiness to attribute it to some 
mysterious agency, is shown by the following article, 

en from the Marine Record of April 5, 1888: 


LOW WATER. 


“The water level in the lakes continues to fall, and 
people concerned in navigation are beginning to feel 
serious alarm. The Sarnia Canadian of this week 
says the water fell six inches in the St. Clair River last 
week, and the fall was common to the whole lake sys- 
tem. At Sault Ste. Marie the water is very low, and 
boats drawing over 1344 feet will not be able to get 
through when navigation opens, which means that 
boats will not be able to carry anywhere near their 
maximum capacity next season, and that all classes of 
freights will be higher than usual. The cause of this 
remarkable state of affairs is a mystery. Whether 
some immense subterranean outlet has suddenly been 
afforded for the vast body of water, or whether the 
tributary streams have been affected uy: drought, is a 
matter upon which scientific men are no The 
opening of navigation will be looked forward to with 
interest.” 

The interesting reports of General O. M. Poe, Lieu- 
tenant-Colonel of Engineers, United States Army, un- 
der date of February 7, 1888, Assistant Engineer Alfred 
Noble, March 1, 1882, and an interesting paper by As- 
sistant Engineer L. Y. Schermerhorn, give much valu- 
able information on this subject. 

General Poe states that: ‘‘ There is no indication any- 
where that the waters in the lakes have mysteriously 
fallen. The long-continued series of observations now 
available show that since 18388 the water level has 
fluctuated within limits somewhat less than six feet, 
and that these fluctuations were due to the greater or 
less rain and snow fall. It may be considered as a fact 
established that the lakes are simply great pools form- 
ing part of the course of a river, and. that they con- 
form to all the laws governing the rise and fall of 
rivers. 

‘*The observations alluded to also show that there is 
practically no difference of level between the inlet and 
outlet of any one of the lakes. Thatis to say, that in 
—— of rest the surface of the water in each lake is 
evel. 

‘* But the surface is greatly affected by winds, varia- 
tions in barometric pressure, and other extraneous phe- 
nomena.” 

And Mr. Noble reports as follows: 

‘*T have the honor to transmit herewith a sketch* 
showing the relative stage of water in Lake Superior 
and rainfall at Sault Ste. Marie, from November, 1873, 
to November, 1881. 

“The variation in the stage of water in the great 
lakes has been the subject of much conjecture, some of 
it intelligent and some absurd. During seasons of high 
water, people perceive a gradual and permanent rise of 
water and support the idea by abundant references to 
the oldest inhabitant. During seasons of low water, 
a gradual and permanent fall of water is easily per- 
ceived, and by the same references as easily proved. 

‘It is well understood that the principal factors on 
which the stage of waterin the great lakes depends are 
the rainfall, the ee ag and winter temperature. 
The rainfall furnishes the supply, the evaporation 
withdraws a zee before it reaches the mouths of the 
streams and 
and continued cold winter, preventing the melting of 
snow, will raise the summer stage at the expense of the 
winter stage. 

“The region of the great lakes is so vast that the 
conditions of rainfall, evaporation, and temperature 
may vary widely in different sections. Lake Superior, 
draining acomparatively limited area, receiving water 
from no other large basin, and having a severe winter 
climate, will afford the best opportunity for studying 
the effects of the several factors named when sufficient 
data have been accumulated. 

At Fort Brady, Sault Ste. Marie, a record of the 
rainfall has been kept since July, 1873. The record of 
the stage of water at the foot of Lake Superior has 
been kept at the St. Mary’s Falls Canal since an earlier 
pe No continuous observations of evaporation 

ave “1 made in the Lake Superior basin that I am 
aware of. 


* Omitted. Printed in Report of Chief of Engineers, United States 





Army, for 1882. 
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ptember is plotted in the vertical for September, ete. 
Year, | January. February. March. April. May. June, 
ge, OEE, Be eee er 
1874 | 115°60 | 115°44 | 115°34 | 115°21 | 115°59 | 116-06 
1875 | 115°88 | 115°58 | 115°54 | 115°45 | 116-08 | 116°39 
1876 | 115°77 | 115°72 | 115°47 | 115°50 | 116°28 | 116°81 
1877 | 115°97 | 115°99 | 115°88 | 115°75 | 115°68 | 115°98 
1878 | 115°60 | 115°34 | 115°24 | 115-23 | 115°50 | 115-76 
1879 | 114°95 | 114°55 | 114°81 | 114-44 | 114°81 | 114°96 
1880 | 114-46 | 114°42 | 114°88 | 114°35 | 115°09 | 115°84 
1881 | 115°82 | 115°28 | 115-26 | 115-14 | 115-57 | 115-80 
Ans. 115°48 | 115°28 | 115°17 | 115°13 | 115-57 115°95 
Year.| July. August. |September| October. |November| December 
BOUT Seccee LT cstece | bhs seh Sesser 116°39 | 116°22 
1874 | 116°45 | 116°49 | 116°48 | 116°61 | 116°39 | 116°28 
1875 | 116°47 | 116°50 | 116-77 | 116°64 | 116°36 | 115-80 
1876 | 117°27 | 117°32 | 117°36 | 117°02 | 116°74 | 116-26 
1877 | 116°31 | 116-42 | 116-18 | 116°22 | 115°98 | 115°82 
1878 | 115.84 | 115°83 | 115°55 | 115°66 | 115°57 | 115°35 
1879 | 115°26 | 115-28 | 115-20 | 115°28 | 116-05 | 114°65 
1880 | 116°08 | 116-00 | 116-12 | 115°98 | 115°91 | 115-638 
1881 | 116-00 | 115°91 | 116°10 | 116°51 | ...... | -..-.. 
Ans. 116°21 | 116°22 | 116°22 | 116°28 | 116°05 | 115°76 




















“In platting these means the lower line of means is 
assumed as the base line from which the ordinates are 
set off. For instance, in January, 1874, the water was 
017 above the mean of the January means, and the 
stage of water for that month is represented on the 
diagram by laying off 0'°17 above the base line. The 
rainfall curve is platted in the same way. 

‘* The relation between the rainfall and the stage of 
the lake can be perceived unmistakably in the spring, 
autumn, and summer of 1876, the remarkable rise of 
water, culminating in September, 1876, corresponding 
with a period of heavy rainfall. This period was fol- 
lowed by a few months of light rainfall, during which 
the water fell gael From this time until December, 
1879, the rainfall was, as a general thing, less than the 
mean, and the water's surface had a downward ten- 
= 
‘“* Occasional periods of two or three months of rain- 
fall considerably above or below the mean affected the 
stage of water in nearly every case. 

‘* In January, 1880, began a period of heavy rainfall 
and arisein the water. From June to August, 1881, 
the rainfall was light and the * of water a fallin 
one. In September there was the heaviest rainf 
known for many years, accompanied by a correspond- 
ing, rapid rise in the water. 

The accompanying sketch shows also the curve of 
temperature platted in the same way from the month- 
ly means, hile there is every reason to believe that 
a winter of continually freezing weather, by retaining 
the snowfall until the thawing weather of April or 
May, will tend to raise the summer level of the lake at 
the expense of the winter level, it is not confirmed to 
any great degree by this curve. The explanation of 
this is not difficult. A single week of warm weather 
in the winter, causing the melting of the greater part 
of the snow, might be preceded and followed by ex- 
tremely cold weather, giving a low mean temperature 
for the month; so that a cold winter does not neces- 
sarily ny f the impounding until spring, in the form 
of snow, of the winter rainfall.” 

Mr. L. Y. Schermerhorn’s paper is as follows : 

“In the following memoranda an attempt has been 
made to assemble a part of the latest and most reliable 
information relating to the great lakes. The lately 
completed lake surveys, wade by the United States, 
have reduced to exactness much that previously was 
only approximate, and the perfection of methods used 
gives a perfection to the results which seldom obtains 
in surveys covering so great geographical extent and 
involving so many details. 

‘* The water surface of the great lakes with the land 
draining into it presents a total drainage basin of over 
270,000 square miles. assembled as foliows : 




















Area of Waiter] Area of Water |Aggregate Area 

Surface hed, of Basin, 
Square Miles, Square Miles. | Square Miles 
Lake Superior....| 31,200 51,600 82,800 
St. Mary’s River. . 150 800 950 
Lake Michigan.... 22,450 87,700 60,150 
e Huron and 

Georgian Bay... 23,800 81,700 55,500 
St. Clair River.... 25 8,800 3,825 
Lake 8t. Clair. ... 410 8,400 8,810 
Detroit River..... 25 1,200 1,225 
Lake Erie ....... 9,960 22,700 32,660 
Niagara River.... 15 300 815 
Lake Ontario..... 7,240 21,600 28,840 
95,275 174,800 | 270,075 





‘“The water surface of Lake Superior nearly equals 
the combined areas of New Hampshire, Vermont, 
Massachusetts, and Connecticut ; Lakes *5 and 
Huron together nearly equal the area of the State of 
New York ; Lake Erie, the combined areas of New Jer- 
sey and Delaware; and Lake Ontario, about three- 
fourths of the area of Maryland. The combined area 
of the lakes exceeds the area of England, Wales, and 
Scotland. 

‘The drainage basin of the great lakes shown on * 








* and 4 omitted, Printed in American Journal of Science, 
April ast. 
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Fig. 1 isa reduction of a very careful compilation of 
the best authorities, and shows at a the details 
stated in the previous table. It shows also that while 
the line of deepest water does not coincide with the 
middle line of the lakes, it does approximately coincide 
with the medial line of lake basin. It will further 
observed that, with the exception of Lake Erie, the 
points of greatest depth quite nearly coincide with the 
center of figure of each basin. This is believed to bea 
fact never before noticed, and one that may cast some 
light upon the geological evolution of the great lakes. 

* The length of shore line of the lakes and their con- 
necting rivers is about 5,400 miles, or about equal to 
thé coast line from Maine to the isthmus of Panama, if 
the distance be measured aloug the general contour of 
the coast, ignoring minor indentations. \ 

‘* The recently perfected levels of the United States 
lake surveys, between tide water and the lakes, fixes 
the elevation of their mean surfaces above mean sea 
level as follows : 


Lake Ontario. ........cecseeeeeeee 246;5, feet 
7 PED... vocivecccvvccvoveroos sees 57 a 
** Huron and Michigan........ 5814, * 
Euperior.................. 6014; * 


Tho difference of 204¢ feet between Lakes Superior 
and Huron occurs in the rapids of St. Mary’s River ; 
the 8,4, feet between Lakes Huron and Erie mainly in 
Detroit River. 

“The difference of 326 feet between Lakes Erie and 
Ontario occars in the vicinity of Niagara Falls, and is 
principally assembled as follows (see Fig. 3): 100 feet in 
the 5 miles of rapids between Lewiston and the lower 
suspension bridge, 10 feet in the rapids between the 
bridge and the falls, 160 feet at the falls,* 50 feet in the 
rapids immediately above the falls, and 6 feet in the 
upper Niagara River. 

‘The mean depth of Lake Superior is about 475 feet ; 
the deepest point (see Fig. 2) marks a depth of 1,008 
feet, or 406 feet below the level of the sea. Lake Huron 
has a mean depth of about 250 and a maximum depth 
of 750 feet. Lake Michigan has a mean depth of 325 
feet and a maximum depth of 870 feet. Lake Erie is 
comparatively shallow, having an average depth of less 
than 70 feet and a maximum of 210 feet. Lake Ontario 
has a mean depth of about 300 feet and a maximum of 
738, or nearly 500 feet below the level of the sea. The 
channels of the rivers connecting the lakes seldom ex- 
ceed the depth of 50 feet. If the lakes could be drained 
to the level of the sea, Lake Erie would disappear, 
Lake Huron reduced to quite insignificant dimensions, 
Lake Michigan toa length of about 100 miles, with a 
width of 25 or 30 miles, Lakes Ontario and Superior, 
although with diminished areas, would still preserve 
the dignity of their present titles as Great Lakes. 

“A chemical analysis of water taken from the deepest 
part of Lake Superior failed under the application of 
delicate tests to indicate the presence of salt. 

“The beds of the lakes away from the vicinity of the 
shore lines, and at depths exceeding 100 feet, are almost 
invariably covered with clay. Specimens from the 
deep soundings of Lake Superior were invariably soft 
clay, varying in color from red to yellow and blue. In 
the deepest parts the drabs and bluish tints predomi- 
nate 


“The temperature at the deepest points varies little 
from the mean annual temperature of the surrounding 
air. The temperature of Lake Superior at depths ex- 
ceeding 200 feet varies but slightly os 39° F. In Lake 
Huron, at depths of about 300 feet, the temperature in 
the months of June and August was 52° F., while at a 
depth of 624 feet the temperature was 42° F., the sur- 
face temperature being 52° F. and the air 64° F. 

“The mean annual rain and melted snow fall of the 
several lake basins is as follows: Lake Superior, 29 
inches; Lake Huron, 30 inches; Lake Michigan, 32 
inches; Lakes Erie and Ontario, 34 inches. This is 
about equal to 31 inches on the entire lake basin. 

“The following represents the average discharges at 
the outlets of the lakes : 

Cubic Feet 
per Sec. 

Lake Superior, at St. Mary’s River............ 86,000 

Lakes Michigan and Huron,at St.Clair River, 225,000 

Lake Erie, at Niagara. ..........0..........+++. 265,000 

Lake Ontario, at St. Lawrence River.......... 300,000 


‘The aggregate discharge of the lakes is double that 
of the Ohio and nearly equals half the discharge of the 
Mississippi. The area of the lake basin is a third 
larger aan the basin of the Ohio, or about a fifth the 
combined areas of the basins of the Mississippi and its 
affiuents. The outflow of the lake basin is slightly less 
than half the rainfall, while on the Mississippi and 
Ohio the discharge is about a fourth the rainfall. If 
the average discharge of the lakes passed through a 
river one mile wide with a mean velocity of one mile 
per hour, such a river would havea depth of 40 feet 
from shore to shore. 

“ The volume of water in the lakes is about 6,000 cubic 
miles, of which Lake Superior contains a little less than 
one-half. Perhaps a better idea of this volume may be 
obtained when it is said that it would sustain Niagara 
Falls in its present condition for about 100 years. 

“In relation to the depth of water on the crest of 
Niagara Falls, it can be easily demonstrated that if the 
water passed over the falls in a sheet of uniform thick- 
ness for the entire length of the present waterway, 
which is about 3,600 linear feet, the depth of the sheet 
would not exceed 4 feet, It is highly probable that at 
the apex of the Horseshoe Falls the * is nearly 20 
feet ; consequently, it may be inferred that the depth of 
the sheet, except in a few places, is less than 4 feet. 

“The principal changes in the elevation of the lake 
surfaces are those due to the wind and to rainfall. 
Prof. Whittlesey states that on August 18, 1848, a gale 
from the northeast reduced the water level at Buffalo, 
N. Y., to a point 154 feet lower than the surface of 
the lake on October 18, 1849, at which time a terrible 
gale occurred from the southwest, This was an exces- 
sive difference of level and one of rare occurrence. 

‘‘During protracted autumn gales, waves have been 
observed which, through reliable means, measured 
from 15 to 18 feet above the normal surface. 

“ The second class of variations, those due to rainfall, 
occur with considerable regularity. The lowest water 
in the year generally occurs in Lakes Ontario, Erie, 





Michigan, and Huron in the months of November and 
March, and on Superior in March. The highest water 
oceurs on the first lakes in June and July, while 
on Superior it is dela’ until September. The aver- 
age difference, derived from twenty years’ observation, 
between the high and low water of the year is as 
follows : 

‘Lake Superior, 1°2 feet ; Michigan and Huron, 1°38; 
Erie, 1°6 ; and Ontario, 1°9 feet. 

“The highest observed stage of the lakes occurred in 
the summer of 1838, and the lowest in the summer of 
5 the difference between the two stages being about 

eet. 

** The water level of the lakes for the last twenty years 
is shown in Fig. 4, and fails to show, as has 
claimed, any recurring cycle of high or low water. 

“The curves of the last ten years show a tendency to 
irregularities, which may be due to chan in rainfall 
and watershed produced by the rapid destruction of 
the forests which ten years ago covered the basin of the 
upper lakes. 

‘**Observations made by the United States Survey 
have established the existence of small tides, which at 
Chicago bad an amplitude of 14¢ inches for the neap 
tide and about 3 inches for the spring tide. 

‘There is still another class of oscillations called 
seiches, which have been already observed in the Swiss 
lakes, and for which a solution in all respects satisfac- 
tory has not been offered. Whenever the lakes are 
sufficiently free from the disturbing action of wind to 
permit observations, a quite regular series of small 
waves, or pulsations, can be detected, which have an 
interval of about ten minutes from impulse to impulse. 
These pulsations seem to occur almost without cessa- 
tion on Lake Superior. Besides having tides in com- 
mon with the ocean, the lakes have well defined land 
and lake breezes ; the breeze from the lakes landward 
commencing in summer at 8 or 10 o'clock A.M. and con- 
tinuing until sunset, and the breeze from the land lake- 
ward from 9 or 10 P. M. until sunrise. 

“The modifying effect of these large bodies of water 
upon land areas contiguous to the lakes is noticeable. 
At Milwaukee, Wis., directly upon the shore of Lake 
Michigan, the mean annual temperature is as follows : 
Winter, 24° F.; spring, 41° F.; summer, 67° F.; autumn, 
49° F.; annual range, 110° F. At points in the same 
latitude, but from 50 to 100 miles inland, the mean win- 
ter and autumn temperatures are about 2° F. lower, 
and mean spring and summer temperatures nearly 5°F. 
higher, while the annual range is about 5° F. greater.” 

he rainfall at a point on the shore of each lake is 
shown on the chart. It is possible that if observations 
were taken at many stations, and the means of areas 
not exceeding 400 or 500 square miles were obtained, 
the rainfall curve would more nearly coincide with the 
water level curve, as the amount of rainfall differs 
greatly at stations buta few miles —7 — For example, 
the precipitation at Chicago in 1 was 44°37 inches, 
and at Milwaukee for the same riod 32°58 inches, 
—— a difference of 11°79 inches in a distance of but 

miles. 


EROSION OF THE LAKE SHORES. 


Covering a stretch of coast of about 150 miles on the 
west shore of Lake Michigan, extending from Evanston, 
Ill, to Manitowoe, Wis., Prof. Edmund Andrews, Presi- 
dent of the Chicago Academy of Sciences, in a very 
interesting paper on the North American lakes, pub- 
lished in 1870 * gave ‘‘ the average annual erosion for 
the whole distances at 5°28 feet ; from Milwaukee to 
Manitowoc, average, 4°33 feet a year ; from Milwaukee 
to Evanston, average, 6°24 feet a year; and at various 
intermediate points as follows : 


PIER 0h.0 04k cc0da0d0ed oe nes 16°95 feet a year. 
NN 600002 ¢0 405 * * 
ee MN ccthucctectessase 1°65 “ * 
D 000 * — 
D 1650 * * 
DNL. —— 12°00 * - 
a ore 16°00 * * 
RE RR aay 600 “ * 
4 er 200 * * 
——— 625 “ = 
Port Washington. ... ....... 230 “ * 
Sa 625 * ni 
SR Be 500 <‘‘ - 


‘And at Cleveland, O., Lake Erie surveys show that 
the erosion for forty years has averaged about 6 feet 
per annum.” 

To which I add the following of a more recent date: 

Mr. G. Y. Wisner, superintendent of lighthouse con- 
struction, Detroit, Mich., states that ‘‘ the data on file 


period from 1857 to 1878 (twenty-one years) an erosion 
of about 100 feet took place along the lake front of the 
L. H. Reservation at North Point, Milwaukee, Wis.” 

The rapid washing away of the shore at this point 

caused the abandonment of the lighthouse and the 
erection of a new structure in 1887. 
Under date of April 16, 1888, Mr. Lafayette Towsley, 
of Port Washington, Wis., states that “the erosion of 
the lake shore by wave action from 1835 to date is from 
25 to 33 feet at Mequon, 20 to 30 feet at Grafton, 28 feet 
at Port Washington, north of harbor, and 33 feet south 
and along front of harbor.” 

Under date of March 26, 1888, Dr. J. J. Brown, of She- 
boygan, Wis., writes as follows : 

* The annual wearing away of the lake shore here at 
Sheboygan and vicinity is not far from eight feet, ex- 
cepting, of course, the immediate vicinity of the north 
pier of the harbor, and the lighthouse point, which is 
limestone up to the surface of the water. 

‘“*My residence and lot ison the bluff north of the 
harbor about 2,000 feet; have lived here thirteen years, 
since which the bank has receeded about 75 feet. 
North of my home and this side of the lighthouse the 
high bluff has gone off some faster. South of the har- 
bor for along way the bank, which is the highest jn 
this region, has gone off still more. During the pe 
forty years we have built three roads through to Black 
River which the lake has washed away. 

‘With the exception of the loss of land, no other 
damage of note has been done.” 

Under date of April 5, 1888, Mr. John Nagle, of 
Manitowoe, Wis., states the results of his observations 
and investigations as follows : 

“From what is known as the north harbor pier in 


— —— 
the city of Manitowoc to the Little Manitowoc River, 
d coal of — —— mile, the lake has a 
croac upon the an average of 300 feet within 
the last thirty years. 8* 

Within the same period the encroachment of 
lake on the shore line between Forget-Me-Not Creek 
and the residence of Mr. E. R. Smith, a distance of One- 
quarter of a mile, about midway between Two Ri 
and Manitowoc, has been 600 feet. From Mani 
to Smith’s, beyond which the shore line has remained 
intact, the er erosion has been 250 feet ; this cov. 
* a of 34 waa , 

s erosion caused the destruction of a fi 
— Boal esas 
e. O. G. t, of Ahnapee, Wis., states that “ 

action of the waters of the lake upon the shore = 
—— em — 5 — the agen in that viein 

y of from to eet during the t twent 
(from 1868 to 1888).” — — 








NATURE'S BAROMETERS. 


THE nervous system of birds is endowed with 
sensitiveness that they have the presentiment of the 
least atmospheric change a long time in advanee, 
Thus, for example, when, after a fine day, the tem 
comes on as quick asa flash and surprises the pit, 
the mews and gulls were already expecting it. There 
they were, upon the reefs, with inquiet air, bustling 
about, spreading their wings, and uttering plaintive 
cries. 

The barometer has not fallen, all is calm in nature, 
the sky is clear, there is searcely a dot on the horizon, 
and yet the black petrel, the sinister messenger of 
death, the friend of the tempest, which is seen near 
ships only when danger is imminent, has come forth 
from his somber abode, and is skimming the wave with 
his rapid wing to see whether the billows are brin 
him any victims. All at once, the earth trembles, the 
foliage is agitated by the wind, the billows foam, and 
the lightning flashes. The bird had foreseen the storm, 

At the approach of rain, the martins and swallows 
fly low, the finch utters a sad and plaintive note; the 
domestic goose comes and goes, opens its wings, flies, 
enters the water, and manifests great inquietude. The 
pea-fowl utters frequent cries, the guin woodpecker 
moans, the paroquet chatters, the guinea-fowl goes to 
roost, the frog is silent, the toad hops about, the flowers 
have a strong and penetrating odor, and many of them 
close. On the contrary, when it is fine weather, the 
birds twitter, the redbreast sings at the top of the high- 
est trees, the swallow soars to the clouds,the lark leaves 
the field and flies into the air singing ; the chirp of the 
cricket is heard, the tree frog climbs the tree, the per- 
fume of the plants is fainter, and the flowers expand. 

Upon my window, I have an immortelle held bya 
pin. This opens in fine weather and closes when it 
rains. 

When the spider ceases to work on its web, it is a 
sign of rain. If it continues or rebegins its snare dur- 
ing the night, fine weather is near at hand. At the 
approach of wind or rain, it considerably shortens the 
threads that suspend its work, and leaves them thus 
until the return of fine weather. The length of these 
threads is capable of serving as asign by which to 
know the duration of fine or stormy weather. The 
spider makes changes in its web every day. If it 
makes these before sunset, the night will be fine and 
clear. Hence, doubtless the old adage: ‘‘ Araignée du 
soir, espoir!” When gossamer floats in the air, it will 
be fine weather. 

If, when the rain is falling, fowls do not seek shelter, 

but continue to look for food,the rain will last all day. 
If they take to flight at the first drops, the rain will be 
of short duration. When but one magpie leaves the 
nest, it isa sign of rain. When the male and female 
quit it in company, it is a sign of fair weather. 
When a circle surrounds the sun or moon, when the 
clouds are yellowish in the west, when there are dense, 
dark fogs, it means rain; while the moon in aclear 
sky, an evening rainbow, white fogs, and red clouds 
mean fine weather. 





in the lighthouse ——— show that during the}. 


In winter, if the sky is blue and the stars are bright, 
it is a certain sign of a series of fine days. If the sky 
becomes limpid or has a whitish appearance, and the 
stars pale, there will be rain the next day. i 
Of all known animals, the frog is certainly the most 
nervous, and the one that has most contributed to- 
ward founding the science of galvanism. As I write 
these lines I have before mea pretty little green one, 
which charms oe | mowents of leisure a its gymnastic 
exercises. It is the common tree frog (Hyla a: borea). It 
is here upon my desk ina glass jar half full of water 
and rests upon a partially submerged ladder of 
The top of the jar is covered with 
By this 


ferns. 
gauze to prevent the escape of the prisoner. 
means I have obtained an infallible barometer. 
Every time that I see my frog climb up the ladder, I 
war to myself, ‘‘ We are going to have fine weather. 
en it descends, I say, ‘‘ Look out forrain.” If it re- 
mains at the middle of the jar, I do not go out without 
my umbrella, and, when every one around me is drench- 
= i the skin, I go about in good spirits under my 
shelter. 
The following is what the great book of nature 
teaches us. If, three or four days after the renewing 
of the moon, the latter is very clear, it is a sign of fine 
weather, which will last. If, on the second or third 
day of the new moon, the horns are blunt, it is a sign 
of a near rain. If the disk is very red, it is a sign of 
bad weather. In the first quarter, if it exhibits no 
black spots, it is a sign of fine weather. When the full 
moon is clear without black spots and without 4 
circle around it, it is a sign of fine weather. : 
If, on the contrary, a few black spots be seen upon its 
disk and two or three black, thick cireles around it, & 
large amount of rain will fall, and it will be very nasty 
weather. In summer, when the moon appears 
upon rising, it prognosticates very great heat. When 
it is clear on rising, we have only fine weather to ex 
pect. 
A sky everywhere serene is a sign of fine weather.— 
J. Boisgreppier, in Science en Famille. 








A FINNisH engineer, Herr Ringbom, has built a model 
submarine boat propelled by electricity, that can 
steered accurately in horizontal directions, as well a8 








* The height of the falls is 155 feet on the Canadian side, 161 feet near 
the site of American 


Terrapin Tower,and 169 feet near the east side of the 








* See Transactions of the Chicago Academy of Sciences, Vol, 2, 





up and down. It is four feet long and is considered & 
success, It is to underge further test at Helsingfors. 
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FILTRATION WITH FILTERS OF METALLIC 
FELT. 


By CHARLES E. MUNROE. 


roduce this filter I precipitated tinum chlo- 
an with ammonium chloride, using a Rate excess of 
reagent, and washed the salt thorougbly, first with 
water and then with alcohol. Then taking a Gooch 
ing crucible of platinum,I placed it on a thick 
of bibulous paper and poured in the moist salt. 
alcohol ran through the perforations in the cruci- 
ble and was absorbed Oy the bibulous paper, while the 
salt remained behind, the filtering crucible being filled 
ia this way to a height of about5 mm. The crucible 
was then carefully cleaned and dried, the cap and cover 
pat on, and the whole ignited, thus driving off the 
yolatile constituents and leaving a spongy, coherent 
residue of metallic platinum well distributed over the 
orated bottom of the crucible. 

In order to prevent the sponge from cracking and 
curling, it was found essential to dry and ignite the 
salt quite cautiously, but in some instances where 
eracks did appear they were easily and effectually closed 
by gently rubbing with a glass rod, while in other cases 
the crevices were filled with a fresh portion of the am- 
monium piatinic chloride and the drying and igniting 

ated. The latter method was also employed when 
it was thought desirable to increase the thickness of the 
felt. After a short trial the preparation of the felt be- 
came quite easily and readily accomplished. The pre- 
filters are used in the same way as Gooch’s 
asbestos filters are, the caoutchouc gasket described in 
wy paper on the “ Use of Porous Cones in Filtration” * 
being employed to secure an air tight joint. The plati- 
num felt may be easily removed, when desired, by 
means of a spatula, the small portions remaining in the 
perforations being pushed out with the point of a 
le 


Ihave repeatedly {ree these filters in the manner 
above described, and have filtered with them such pre- 

tions as freshly precipitated barium sulphate to 
my entire satisfaction. Not only that, but by treating 
the precipitates with their proper solvents I have been 
able to clean the felt so that the same filter could be 
used repeatedly. The following data illustrates such 
use of this filter : 


Weight of crucible and felt after firstig- ‘ 
—— pe cebshieeiethcb cava iese ct 81°0612 


Weight of crucible and felt after second 
RNs 5. eres B68 s sib Side sKwsbicccees 31°0607 


Weight of crucible and felt after rub- 

bing with glass rod to remove thin 

gS POCTATC TTS ee eee 31°0607 
Weight of crucible and felt after third 

ignition. . 31" 
Weight of ditto after 250cm. of water 


wer ee ee ree eee ee eee eee eee — 


have been passed through ten times.. 31 0007 
Weight of ditto after freshly precipi- 
tated CaC,0, has been filte upon 


et BS eee eee 31 
Weight of ditto after treatment with 

HCl, washing, and igniting............ 31 
Weight of ditto after same operation 


31°0609 


ated 31°0608 
Weight of ditto after BaSO, has been 

filtered upon it and ignited............ 31°4408 
Weight of ditto after dissolvi the 

BaSO, in hot concentrated H,SO,.... 31°0640 
Weight of ditto after second treatment 


WHEE ERM bee 4% 31°0609 
Weight of crucible complete............ 30°6744 
Woleits 0G Fet i ebess ——————— — 0°3863 


Felts of this character may of course be obtained by 
similar means from easily decomposable salts of other 
metals than platinum, and such felts may be found to 
have useful applications. 

It is probable that this method of producing a plati- 
hum sponge within a platinum tube may find useful 
applications in organic chemistry in addition to its use 
~ filter.—Journal of Analytical Chemistry, vol. ii., 

art 3. 








THE HISTORY OF A SCIENTIFIC DOCTRINE.+ 
By 8. P. LANGLEY. 


“MAN, being the servant and interpreter of nature, 
can do and understand so much, and so much only, as 
he has observed, in fact or in thought, of the course of 
nature. Beyond this he neither knows anything nor 
can - anything.”—Bacon’s Nooum Organum, apho- 
rism 1. 


In these days, when a man can take but a very little 
portion of knowledge to be his province, it has become 
customary that your president’s address shall deal with 
some limited topic, with which his own labors have 
made him familiar, and accordingly I have selected as 
my theme the history of our present views about radi- 
ant energy, not only because of the intrinsic import- 
ance of the subject, but because the stady of this 
energy in the form of radiant heat is one to which I 
have given special attention. 

Just as the observing youth, who leaves his own 
household to look abroad for himself, comes back with 
the report that the world, after all, is very like his own 
family, so may the specialist, when he looks out from 
his own department, be surprised to find that, after 
all, the history of the narrowest specialty is amazingly 

that of scientific dectrine in general, and contains 

same lessons for us. To find some of the most use- 
fal ones, it is important, however, to look with our 
Own eyes at the very words of the masters themselves, 
and to take down the dusty copy of Newton or Boyle 
or Leslie, instead of a modern abstract ; for, strange as 
it may seem, there is something of great moment in 
the original that has never yet been ineorporated into 
any encyclopedia, something really essential in the 
Words of the man himself which has not been indexed 

any text book, and never will be. 
It is not for us, then, here to-day, to try 


“ How index learning turns no student rn 
a _‘Yet holds the eel of science by the tail,” 





* American Journal of Science, vol. i. (3), May, 1871. 
the American Association for the Advancement of 
8. P, Langley, the 
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but, on the contrary, to remark that from this index 
learning, from these histories of scieuce and summaries 
of its we are apt to get ideas of the 
very conditions on which this progress depends. We 


often hear it, for instance, likened to the march of an 
army toward some definite end ; but it has seemed 
to me, is not the way science usually move, but 


only the way it seems to move in the retrospective view 
he nothing 


versity, and retrograde motion 
of the individuals comprising the body, and only shows 
us such parts of it as he, looking backward from his 
present standpoint, now sees to have been in the right 


I believe this comparison of the p of science 
to that of the army which obeys an impulse from one 
head has more error than truth in it; and though all 
similes are more or less misleading, I would almost 
prefer to ask you to think rather of a moving crowd, 
where the direction of the whole comes somehow from 
the independent impulses of its individual members, 
not wholly unlike a pack of hounds, which, in the long 
run, perhaps catches its game, but where nevertheless, 
when at fault, each individual goes his own way by 
scent, not by sight, some runni back and some for- 
ward ; where the louder voiced bring many to follow 
them, nearly as often in a wrong path as in a right one, 
where the entire pack even has been known to move 
off bodily om a false scent ; for this, if a less dignified 
illustration, would be one which had the merit of hav- 
ing a considerable truth in it, but one left out of sight 
by the writers of books. 

At any rate, the actual movement has been tortuous, 
or often even retrograde, to a degree of which you will 
get no idea from the account in the text book or en- 
——— where, in the main, only the resultant of 

these vacillating motions is given. With rare ex- 
ceptions, the backward steps—that is, the errors and 
mistakes, which count in reality for nearly half, and 
sometimes for more than half, the whole—are left out 
of scientific history, and the reader, while he knows 
that mistakes have been made, has no just idea how 
intimately error and truth are mingled in a sort of 
chemical union, even in the work of the great discover- 
ers, and how it is the test of time chiefly which enables 
us to say which is progress when the man himself 
could not. If this be a truism, it is one which is often 
forgotten, and which we shall do well to here keep 
before us. 

This is not the occasion to review the vague specula- 
tions of the ancient natural philosophers from Aristotle 
to Zeno, or to give the opinion of the schoolmen an our 
subject. We take it up with the immediate predeces- 
sors of Newton, among whom we may have been pre- 
pared to expect some obscure recognition of heat as a 
mode of motion, but where it has been, to me at least, 
surprising, on consulting their original works, to find 
how general and how clear an anticipation of our mod- 
ern doctrine may be fairly said to exist. Whether this 
early recognition of the atomic and vibratory theories 
be a legacy from the Lucretian philosophy, it is not 
necessary to here consider. The interesting fact, how- 
ever it came about, is the extent to which seventeenth 
century thought is found to be occupied with views 
which we are apt to think very recent. 

Descartes, in 1664, commences his ‘‘ Le Monde” by a 
treatise on the propagation of light, and what we 
should now call radiant heat, by vibrations, and fur- 
ther associates this view of heat as motion with the 
distinct additional conception that in the cause of 
light and radiant heat we may expect to find something 
quite different from the sense of vision or of warmth ; 
and he expresses himself with the aid of the same 
simile of sound employed by Draper over two hundred 
years later. The writings of Boyle on the mechanical 
production of heat contain illustrations (like that of 
the hammer driving the nail, which grows hot in pro- 
portion as its bodily motion is arrested) which show a 
singularly complete apprehension of views we are apt 
to think we have made our own; and it seems to me 
that any one who consults the originals will admit 
that, though its full consequences have not been 
wrought out till our own time, yet the fundamental 
idea of heat as a mode of motion is so far from being a 
modern one, that it was announced in varying forms 
by Newton’s immediate predecessors, by rtes, by 
Bacon, by Hobbes, and in particular by Boyle, while 
Hooke and Huyghens merely continue their work, as 
at first does Newton himself. 

If, however, Newton found the doctrine of vibrations 
already, so to speak, “‘ in the air,” we must, while recog- 
nizing that in the history of thought the new always 
has its root in the old, and that it is not given even to 
a Newton to create an absolutely new light, still admit 
that the full dawn of our subject properly begins with 
him, and admit, too, that it is a bright one, when we 
read in the *‘ Optics ” such passages as these: 

‘**Do not all fixed bodies, when heated beyond a cer- 
tain degree, emit light and shine, and is not this emis- 
sion performed by the vibrating motions of their 
parts?” And again: ‘‘Do not several sorts of rays 
make vibrations of several bignesses ?” And still again : 
Is not the heat conveyed by the vibrations of a much 
subtler medium than air ?” 

Here is the undulatory theory ; here is the connec- 
tion of the ethereal vibrations with those of the mate- 
rial solid ; here is ‘‘ heat as a mode of motion ;” here is 
the identity of radiant heat and light ; here is the idea 
of wave lengths. Whatastep forward this first one 
is! And the second ? 

The second is, as we know, backward. The second 
is the rejection of this, and the adoption of the corpus- 
cular hypothesis, with which alone the name of New- 
ton (a father of the undulatory theory) is, in the minds 
of most, associated —2* 

Do not let us forget, however, that it was on the 
balancing of arguments from the facts then known that 
he decided, and that perhaps it was rather an evidence 


of his superiority to —*— that, apprehending be- 
fore the latter, and equally clearly, the undulatory the- 
ory, he nized also more clearly that this theory as 


recog! 
then understood failed utterly to account for several of 
the most important phenomena. 

With an equally judicial mind, Huyghens would per- 
haps have decided so too, in the face of difficulties, all 
of which have not been cleared up even to-day. 

These two great men, then, each looked around in 
the then darkness as far as his light carried him All 
beyond that was chance to each ; and fate willed that 
Newton, whose light shone farther than his rival’s, 








found it extend just far enough to show the entrance 
to the wrong way. He reaches the conclusion that we 
all know ; and with the result on other men’s thought 
nitatel tol ——— 


light, must be , — too, for 
we may see strange usion dra rom experi- 
——— Hersehel a century | 9 


ry later. 
It would seem that the result of this unhappy corpus- 
theory was more far- than we comwonly 
suppose, and that it is hardly too much to say that the 
whole movement of that age toward the 
true doctrine of radiant energy is not only arrested by 
it, but turned the other way ; so that in this respect 
ilosophy of fifty years iater is actually farther 

from the truth than that of Newton’s predecessors. 

The immense repute of Newton as a leader, on the 
whole so happy | earned, here leads astray others than 
his conscious disciples, and, it seems to me, affects 
men’s on topi2s which appear at first far re- 
moved from those he discussed. The ion of 

logiston was, as we may reasonably infer, facilitated 

y it, and remotely Newton is perhaps also responsible 
in part for the doctrine of caloric a hundred years later. 
After him, at any rate, there isa great backward move- 
ment. We have a distinct ret rogression from the ideas 
of Bacon and Hobbes and Boyle. Night settles in 
in On our subject almost as thick as in the days of 
the schoolmen, and there seems to be hardly an import- 
ant contribution to our knowledge, in the first part of 
the eighteenth century, due to a physicist. 

‘Physics, beware of metaphysics,” said Newton— 
words which physicists are apt so exclusively to quote, 
that it seems only due to candor to observe that the 
most important step, perhaps, in the fifty years which 
followed the ‘ Optics” came from Berkeley, who, reason- 
ing as a metaphysician, gave us during Newton's life- 
time a conception wonderfully in advance of his age. 
Yet the ‘* New Theory of Vision” was generally viewed 
by contemporary philosophers as only ap amusing par- 
adox, while ‘‘coxcombs vanquis Berkeley with a 

n ;” and this contribution to science—an exceptional 
if not a unique instance of a great physical general- 
ization r ed by apriori reasoning—though pub- 
lished in 1709, remains in advance of the popular 
knowledge even in these closing years of the nineteenth 


century. 

In the meantime a new error had risen among met: 
— new truth, as it seemed to them, and a thing 
destined to have a strong reflex action on the doctrine 
of radiant energy. It began with the generalization of 
a large class of phenomena (which we now associate 
with the action of oxygen, then of course unknown)— 
a generalization usefal in itself, and accompanied by an 
explanation which was not in its origin objectionable. 
Let us consider, in illustration, any familiar instance of 
oxidation, and try to look first for what was reasonable 
in the eighteenth-century views of the cause of such 
phenomena. 

A piece of dry wood has in it the power of giving out 
heat and light when set on fire ; but after it is consumed 
there is left of it only inert ashes, which can give nei- 
ther. Something, then, has left the wood in the process 
of ——— ashes; virtue has gone out of it, or, as we 
should say, its potential energy has gone. 

This is so far an important observation, extending 
over a wide range of phenomena, and, if it had presented 
itself to the predecessors of Newton, it would —— 
have been allied to the vibratory theories, and become 
proportionately fruitful. But to his disciples, and to 
chemists and others, who, without being perhaps dis- 
ciples, were like all then, more or less consciously 
influenced by the materiality of the corpuscular theory, 
it appeared that this also was a material emanation, 
that this energy was an actual ingredient of the wood 
—a crudeness of conception which seems most strange 
to us, but it is not perhaps unaccountable in view of 
the then current thought. 

I have said that the progress of science is not so much 
that of an army as of a crowd of searchers, and that a 
call in a false direction may be responded to, not by 
one only, but by the whole body. In illustration, 
observe that during the greater part of the entire eight- 
eenth century this doctrine was adopted by almost 
every chemist and by most physicists. It had quite ax 
general an acceptance among scientific men then ax 
the kinetic theory of gases, for instance, has now, and 
so far as time is any test of truth, it was tested more 
severely than the kinetic theory has yet been ; for it was 
not only the lamp and guide of chemists, and toa great 
extent of physicists also, but it remained the time- 
honored and highest generalization of chemico-physical 
science for over half a century, and it was accepted not 
so much as a conditional hypothesis as a final guide 
and a conquest for truth which should endure always. 
And now where is it? Dissipated so utterly from men’s 
minds that, to the unprofessional part of even an edu- 
cated audience like this, ‘* phlogiston,” once a name to 
conjure with, has become an unmeaning sound. There 
is no need to insist on the application of the obvious 
moral to hypotheses of our own I have tried to 
recall for a moment all that ‘‘ phlogiston ” meant a little 
more than a hund years ago, partly because it seems 
to me that, though a chemical conception, physics is 
not wholly blameless for it, but chiefly because before 
it quitted the world it: appears to have returned to 
—— the wrong in a waultiplied form by generat- 

an offspring specially inimical to true ideas about 
iant heat, and which is represented by a yet fa- 
miliar term. I mean “caloric.” 

This word is still used loosely asa synonym for heat, 
but has quite ceased to be the very definite and tech- 
nical term it once was. To me it has been new to find 
that * so familiar word Boner nf 80 we sony limited 
search has gone, was apparently coin y toward 
the last quarter of the last century. It is not to be 
found in the earliest edition of Johnson’s Dictionary, 
and, as far as I can learn, appears first in the corre- 
sponding French form in the works of Foureroy. It ex- 
pressed an idea which was the natural sequence of the 
phlogiston theory, and which is another illustration 
that the evil which such theories do lives after them. 

“Caloric” first seemingly appears, then, as a new word 
coined by the French chemists, and meant originally 
to signify the unknown cause of the sensation heat, 
without any implication as to its nature. But words, 
we know, though but wise men’s counters, are the 
money of fools; and this ome very soon came to 
commit its users to an idea which was more likely to 
have had its origin in the mind of a chemist at 
time than of any other—the idea of the cause of heat. 
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as a waterial ingredient of the hot body ; something 
not, it is true, having weight, but which tt would have 
been only a slight extension of the conception to think 
might one day be isolated by a higher chemical art, 
and exhibited in a tangible form. 

We may desire to recognize the perverted truth 
which usually underlies error, and gives it currency, 
and be willing to believe that even “ caloric” may have 
had some justification for its existence ; but this error 
certainly seems to have been almost altogether per- 
nicious for nearly the next eight years, and down even 
to our own time. With this conception as a guide to 
the philosophers of the last years of the eighteenth 
century, it is not, at any rate, suprising if we find that 
at the end of a hundred years from Newton the crowd 
seems to be still going constantly farther and farther 
away from its true goal. 

Although Provost gave us his most material contri- 
bution about 1790, we have, it seems to me, on the whole 
little to interest us during that barren time in the his- 
tory of radiant energy called the eighteenth century— 
a century whose latter years are given up, till near its 
very close, to bad @ priori theories in our subject, ex- 
cept in the work of two Americans; for in the general 
dearth at this time of experiments in radiant heat, it 
is a pleasure to fancy Benjamin Franklin sitting down 
before the fire, with a white stocking on one leg and a 
black one on the other, to see which leg would burn 
first, and to recall again how Benjamin Thompson 
(Count Rumford) not only weighed “‘ caloric” literally in 
the balance and found it wanting, but made that me- 
morable experiment in the Munich foundries which 
showed that heat was perpetually and without limit 
created from motion, 

It was in the last years of the century, too, that he 
provided for the medal called by his name, and which, 
though to be given for researches in heat and light, has, 
I believe, been allotted in nearly every instance to men 
who, like Leslie, Malus, Davy, Brewster, Fresnel, 
Melloni, Faraday, Arago, Stokes, Maxwell, and Tyndall, 
have contributed toward the subject of radiant energy 
in particular. 

7e observe that till Rumford’s time the scientific 
literature of the century scarcely considers the idea 
even of radiant heat, still less of radiant energy ; so that 
\ we have been obliged here to‘discuss the views of its 
physicists about heat in general, heat and light in most 
eighteenth century minds being distinct entities. We 
must remember, then, to his greater honor, that the 
idea of radiant heat as a separate study has before 
Rumford scareely an existence ; all the ways for pilgrims 
to this special shrine of truth being barred, like those 
in Bunyan’s allegory, by two unfriendly monsters who 
are called Phlogiston and Caloric, so that there are few 
scientific pilgrims who do not pay thew toll. 

The doctrine of caloric is, however, even then recog- 
nized as a chemical hypothesis, rather than one accept- 
able to physicists, some of whom still stand out for vi- 
bratory theories even through the darkest years of the 
century ; and, further, we may find, on strict search, 
that the old idea of heat as a mode of motion has not so 
utterly died that it does not appear here and there 
during the last century, not only among philosophers, 
but even in a popular form. 

In an old English translation of Father Regnault’s 
compilation on physics, dated about 1730, I find the 
most explicit statement of the doctrine of heat as a 
mode of motion. Here heat is defined (with the aid of 
a simile due, I believe, to Boyle) as “any agitation 
whatever of the insensible parts. Thusa nail which is 
drove into the wood by the stroke of a hammer does 
not appear to be hot, because its immediate parts have 
but one common movement. But should the nail cease 
to drive, it would acquire a sensible heat, because its 
insensible parts which receive the motion of the ham- 
mer now acquire an agitation every way rapid.” We 
certainly must admit that the user of this illustration 
had just and clear ideas; and the interesting point 
here appears to be that as Father Regnault’s was not 
an original work, but a mere compendium or popular 
scientific treatise of the period, we see, if only from this 
instance, that the doctrine of heat as a mode of motion 
was not confined tothe great men of an earlier ora 
later time, but formed a part of the common pabulum 
during the eighteenth century to an extent that has 
been singularly forgotten. 

The last years of the eighteenth century were destined 
to see the most remarkable experiments in heat made 
in the whole of the hundred ; for the memoir of Rum- 
ford appeared in the Philosophical Transactions for 
1798 ; and in the very year 1800 appeared in the same 
place Sir William Herschel's paper, in which he de- 
scribes how he placed a thermometer in successive 
colors of the solar spectrum, finding the heat increase 
progressively from the violet to the red, and increase 
yet more beyond the red where there was no color or 
light whatever ; so that there are, he observes, invisi- 
ble rays as well as visible. More than that, the first 
outnumber the second ; and these dark rays are found 
in the very source and fount of light itself. These dark 
rays can also be obtained, he observes, from a candle or 
a piece of non-luminous hot iron, and, what is very 
significant, they are found to pass through glass, and to 
be refracted by it like luminous ones. 

And now Herschel, searching for the final verity 
through a series of excellent experiments, asks a ques- 
tion which shows that he has truth, so to speak, in his 
hands—he asks himself the great question whether heat 
and light be occasioned by the same or different rays. 

Remember the importance of this (which the querist 
himself fully recognized) ; remember that, after long 
hunting in the blindfold search, he has laid hands, as 
we now know, on the truth herself, and then see him— 
let go. He decides that heat and light are not occa- 
sioned by the same rays, and we seem to see the fngitive 
escape from his grasp, not to be again fairly caught till 
the next generation. 

I hardly know more remarkable papers than these of 
Herschel’s in the Philosophical Transactions for 1800, 
or anything more instructive in little men’s success 
than in this great man’s failure, which came in the 
moment of success. I would strongly recommend the 
reading of these remarkable original memoirs to any 
— who knows them only at second hand. 

ne more significant lesson remains, in the effect of 

this on the minds of his contemporaries. Herschel’s 
observation is to us almost a demonstration of the 
identity of radiant heat and light ; but now, though 
the nineteenth century is opening, it is with the doc- 
trine still in the minds of most physicists, and perhaps 








of all chemists, that heat is occasioned by a certain ma- 
terial fluid. Phlogiston is by this time dead or dy- 
ing, but calorie is very much alive, and never more 
perniciously active than now, when, for instance, 
years after Herschel’s observation, we find this cited as 
** demonstrating the existence of caloric,” which was, it 
seems, the way it looked to a contemporary. 

In the year 1804 appeared what should be a very 
notable book in the history of our subject, written by 
Sir John Leslie, whose name survives perhaps in the 
minds of many students chiefly in connection with the 
‘*eube ” which is still called after him. 

Leslie, however, ought to be remembered as a man of 
original genius, worthy to be mentioned with Herschel 
and Melloni ; and his, too, is one of the books which the 
student may be recommended to read, at least in part, 
in the original ; not so much for the writer's instructive 
experiments (which will be found in our text books) as 
for his most instructive mistakes, which the text book 
will probably not mention. 

He began by introducing the use of the simple in- 
strument which bears his name, and a new and more 
delicate heat measure (the differential thermometer) ; 
and with these, and concave reflectors of glass and 
metal, he commenced experiments in radiant heat, than 
which, he tells us, no part of physical science then ap- 
peared so dark, so dubious, and so neglected. It is in- 
teresting, and it marks the degree of neglect he alludes 
to, that his first discovery was that differént substances 
have different radiating and absorbing powers. It 
gives usa vivid idea of the density of previous ignorance 
that it was left to the present century to demonstrate 
this elementary fact, and that Leslie, in view of such 
discoveries, says, ‘* I was transported at the prospect of 
a new world emerging to view.” 

Next he shows that the radiating and absorbing 
powers are proportional, next that cold as well as heat 
seems to be radiated, and next undertakes to see 
whether this radiant heat has any affinity to light. 

He then experiments in the ability of radiant heat 
to pass through a transparent glass, which transmits 
light freely, and thinks he finds that none does pass. 
Radiant heat with him seems to mean heat from non- 
luminous sources ; and the ability or non-ability of this 
to pass through glass is to Leslie and his successors a 
most crucial test, and its failare to doso a proof that 
this heat is not affiliated to light. 

Let us pause a moment here to reflect that we are apt 
to unconsciously assume, while judging from our own 
present standpoint, where past error is so plain, that the 
false conclusion can oniy be chosen by an able, earnest, 
conscientious seeker, after a sort of struggle. Not so. 
Such a man is found welcoming the false with rap- 
ture as very truth herself. 

** What, then,” says Leslie, ‘‘ is this calorific and 
frigorific fluid after which we are inquiring ? It is not 
light, it has no relation to ether, it bears no analogy to 
the fluids, real or imaginary, of magnetism and electric- 
ity. But why have recourse to invisible agents? Quod 
petis, hic est. It is merely the ambient AIR.” 

The capitals are Leslie’s own, but ere we smile with 
superior knowledge let us put ourselves in his place and 
then we may comprehend the exultation with which he 
announces the identity of radiant heat and common air, 
for he feels that he is beginning a daring revolt against 
the orthodox doctrine of calorie; and so he is. 

The first five years of this century are notable in the 
history of radiant energy, not only for the work of 
Leslie and for the observation by Wollaston, Ritter, 
and others of the so-called *‘ chemical” rays beyond the 
violet, but for the appearance of Young’s papers, re- 
establishing the undulatory theory, which he indeed 
considered in regard to light, but which was obviously 
destined to affect most powerfully the theory of radiant 
energy in general. 

We are now in the year 1804, or over a century and a 
quarter since the corpuscular theory was emitted, and 
dusiog: that time it has gradually grown to be an article 
of faith in a sort of scientific church, where Newton has 
come to be looked on as an infallible head, and his views 
as dogmas, about which no doubt is to be tolerated ; but 
if we could go back to Cambridge in the year 1668, 
when the obscure young student, in no way conscious 
of his future pontificate, takes his degree (standing 
twenty-third on the list of graduates), we should prob- 
ably find that he had already elaborated certain novel 
ideas about the undulatory theory of light, which he 
at any rate promulgates afew years later, and after- 
ward, pressed with many difficulties, altered, as we 
now know, to an emissive one. 

Probably, if we could have heard his own statement 
then, he would have told how sorely tried he was be- 
tween these two opinions, and, while explaining to us 
how the wavering balance came to lean as it did, would 
have admitted, with the modesty proper to such a man, 
that there wasa great deal to be said on either side. 
We may, at any rate, be sure that it would not be from 
the lips of Newton himself that we should have had 
this announced as a belief which was to be part of the 
rule of faith to any man of science. 

But observe how, if science and theology look 
askance at each other, it is still true that some scien- 
tific men and some theologians have, at any rate, more 
in common than either is ready to admit; for at the 
beginning of this century Newton’ s followers, far less 
tolerant than their master, have made out of this modest 
man a scientific pontiff, and out of his diffident opin- 
ions a positive dogma, till, as years go on, he comes to 
be cited as so infallible that a questioning of these 
opinions is an offense deserving excommunication. 

This has grown to be the state of things in 1804, when 
Young, @ man possessing something of Newton’s own 
greatness, ventures to put forward some considerations 
to show that the undaulatory theory may be the true 
one, after all. But the prevalent and orthodox scientific 
faith was still that of the material nature of light ; the 
undulatory hypothesis was a heresy, and Young a 
heretic. If his great researches had been reviewed by a 
physicist or a brother worker, who had himself trodden 
the difficult path of discovery, he might have been 
treated at least intelligently ; but then, as always, the 
camp followers, who had never been at the front,shouted 
from a safe position in the rear to the man in the dust 
of the fight that he was not proceeding according to 
the approved rules of tactics ; then, as always, these 
men stood between the public and the investigator, and 
distributed praise or blame. 

If you wish to hear how the scientific heretic should 
be rebuked for his folly, listen to one who never 
made an observation, but, having a smattering of 








— 
everything books could teach about every braneh 
knowledge, was judged by himself and by the ubliets 
be the fittest interpreter to it of the physic 

of his day. I mean Henry Brougham, the future lord- 
chancellor of England, the universal critic, of whom it 
was observed that ‘if he had but known a little lay 
he would have known a little of everything.” He uses 
the then eh eet Edinburgh Review for his pulpit, 
and notices Young’s great memoir as follows : 

“This paper contains nothing which deserves the 
name either of experiment or discovery ; and it is, ip 
fact, destitute of every species of merit. . . . The 
paper which stands first is another lecture, contaj 
more fancies, more blunders, more unfounded hypo. 
theses, more gratuitous fictions, and all from 
the fertile yet fruitless brain of the eternal Dr. You 
In our second number we exposed the absurdity of t 
writer's ‘‘law of interference,” as it pleases him to ealj 
one of the most incomprehensible suppositions that we 
remember to have met with in the history of human 
hypotheses.” 

here are whole pages of it, but this is enough ; ang 
I cite this passage among many such at command, not 
only as an —— of the way the undulatory th 
was treated at the beginning of this century in the first 
critical journal of Europe, but as another exampleof 
the general fact that the same thing way appear ip. 
trinsically absurd or intrinsically reasonable, accord- 
ing to the year of grace in which we hear of it. The 
great majority, even of students of science, must take 
their opinions ready made as to science in general; 
each knowing, so far as he can be said to know any. 
thing at first hand, only that little corner which researeh 
has made specially his own. 

The moral we can all draw, I think, for ourselves, 

In spite of such criticism as this, the undulatory hy. 
pothesis of light made rapid way, and carried with it 
one would now say, the necessary inference that radj- 
ant heat was due to undulations also. his was, how. 
ever, no legitimate inference to those to whom radiant 
heat was still a fluid; and yet, in spite of all, the mod. 
ern doctrine now begins to make visible progress, 

(To be continued.) 








THE GEISER-THINGVALLA COLLISION. 


On Saturday, August 11, the steamship Geiser, of 
the Danish Thingvalla line, cleared from New York 
for Stettin with one hundred and forty-eight souls on 
board. A few days before, her sister ship of the same line, 
the Thingvalla, sailed from her home port, bound for 
America, with four hundred and fifty-five passengers. 
On August 16, the steamship Wieland, of the Hamburg- 
American line, brought into New York thirty-one of 
the Geiser’s company—all that survived—and all the 





passengers of the Thingvalla. Of the two Danish ves- 
sels which had come into collision off the Nova Seo 
tian coast, the Geiser lay at the bottom of the ocean, and 
the Thingvalla with her bow literally broken off, and 
only her crew remaining on board, was slowly making 
her way toward Halifax, which port she ultimately 
reached. In the collision, the Thingvalla struck the 
Geiser almost at right angles, cutting her nearly in half, 
and sending her to the bottom in less than ten minutes, 
with one hundred and seventeen of her passengers and 
crew. Our illustration is from a photograph showing 
the Thingvaila as she appeared when entering the har- 
bor of Halifax.—TZhe Graphic. 








ON TORTOISE (CHRYSEMYS PICTA) WITH 
TWO HEADS. 


By E. H. BARBour. 


THE following is a brief description of a young two 
headed tortoise, Chrysemys picta, which is a remarka 
bly interesting specimen from the very perfection of its 
imperfection. It wasfound in the marshes bordering 
West River, in New Haven, Conn., by Master Leighton 
Foster, the first part of June, and from appe 
had been hatched but two or three days. ? 

The single body, with the usual four legs and a tail, 
carries two equal and in every —* normal and 
well-developed heads and necks, which are throughout 
entirely free and distinct. The two heads see, heat, 
eat, drink, sleep, breathe, and move independently. 
See Figs. 3 and 4, and compare with Figs. 1 and 2, whieh 
represent a normal tortoise of the same age—about ye 
weeks. The carapace, to external appearance, is ¥@ 
formed and natural, save that it is broader than long 
by nearly one-fourth, and its vertebral line is a lit 
curved to the right, with the back slightly hum 
But none of these are noticeable deformities, h ⸗ 
single head. Its appendages are perfectly natural 80 
far as their form is concerned. 

This little monster still lives (Sept. 4), and has it 
creased in size at least one-third during the past pr 
teen weeks. It is active and apparently healthy, 
bids fair to survive this season at least. It eats vor® 
ciously when fed by familiar hands; but a a 
cricket is often a bone of bitter contention. The 
to seize its food becomes at once involved in astu 
tug of war with its other self, which ends only ¥ 
the morsel separates. The two heads eat with 
readiness, yet often the appetite of one is greater 
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of the other. 
around and snaps at the yellow eye of the other, ob- 
viously nistaking it for something to eat. Of course 
the head and neck of the one assailed is straightway 
drawn into the common protecting shell, where 
ean find shelter, one at a time or together ; but in 
the latter case it is plainly crowded, and the encroach- 
ton tortoise prerogatives means a renewal of hos- 
tility, and a beating of their heads ther till a com. 
promise is effected. These little misunderstandings 
are always settled in a spirited way, and are exceeding- 
ly ludicrous. 

Although rather frequent, they never arise save when 
the two heads are dis d to withdraw to their shell 
simultaneously ; at other times each in his turn enjoys 
One often withdraws and sleeps while 
the other is perfectly wide awake. And then the one 
awake, looking about to the right and left, sometimes 
starts off vigorously, but only to find itself describing 
acircle, round and round as if on a pivot, for such, in 
fact, the sleeping side actually becomes. And generally 
it continues to use its two feet as best it can, scurrying 
around in an endless circle, until the sleeper, aroused 
by the commotion, puts out its head, looks about, and 
then shuffles off with its companion. There is no con- 
eerted action whatever in the use of the feet, as in the 
normal tortoise, which first puts one fore-foot forward 
and follows this with the ——— opposite hind- 
foot, andso on. But, as shoul 
headed tortoise, with its two ambulatory systems, puts 
out both fore-feet at once, leaving its fore-parts with- 
outsupport, so that they drop and rest on the plastron ; 
then the hind-feet advance, and the hinder extremities, 
leftin their turn without —2 drop, and thus it ad- 
vances by an awkward rocking gait. 

But these twin heads have finally learned to adapt 
themselves in various ways to their circumstances. 
This is especially st — the matter of walking. By 
repeated failures, each diseovered that when its 
companiun sleeps, or is not disposed to move, any ac- 
tivity on the part of either is circumscribed by the nar- 
row circle whose radius is the breadth of their common 
body. Accordingly, now, when either has made a few 
bootless revolutions, it stops short and, extending its 
two feet laterally, seizes with its claws anything 
offering resistance, and so slowly and laboriously 
drags itself sideways, crab-like. y this device, to 
which they resort so repeatedly that it cannot be count- 
ed mere chance, they can travel on indefinitely. When 
placed on smooth ground, free from grass and obstruc- 
tions, their first maneuver, after turning the right head 


Sometimes one head turns slowly 


‘front on the middle line, and two pygal plates 


be expected, the two-! 
| of Science. 





| at the same time to do precisely the same thing, eat, 


swim, or walk. When by any mischance it falls over 
on its back, the two bonis work in opposite directions 
to right the shell, and so without hel 
like an ordinary tortoise, extricate i 
dicament. 

The length and flexibility of each neck shows it has 
the fall nuiaber of cervical vertebrx, confluent at the 
first thoracic vertebra. In other respects its skeleton 
is quite normal. The dermal plates show a few uniim- 

rtant varnations. There is the usual nuchal —* 

ind. 
Between these two points on either side are twelve 
marginal plates ; the usual though not invariable num- 
ber being eleven. On the right sife an extra scute is 
wedged in among the costal plates, making five on that 
side to four on the other. e five vertebral or neural 
plates preserve their relative positions, but have some- 
what distorted forms. The first of these isdivided bya 
suture through its length. The fifth is composed of 
four smail, irregular plates, and presents a fissure where 
it did not unite on the middle line. The plates of the 
plastron show but one irregularity, a doubling of the 
gular plate. A suture is seen in the right femoral plate ; 
and the right infra-marginal plates are united, the left 
separate ; but these are not peculiarities however. 
en the time arrives for the promised dissection of 
this curious little monstrosity, I shall hope to find ana- 
tomical peculiarities of some consequence.—Amer. Jour. 


it could never, 
f from the pre- 








SOME EXPERIENCES WITH BIRDS. 


My first experience with caged birds was with cana- 
ries. I had several of these which I kept in gilt 8, 
hung up in the window. The cages were provided 
with seed, water, and cuttle fish, but nothing else. On 
the bottom of the cages, instead of sand, was a clean 

iece of paper cut round to fit, and changed each day. 

he birds were afraid of me--I never talked to them— 
and it was a trying task in the morning when I attend- 
ed to them ; especially trying was it for me to put my 
hand in at the door in order to remove the bath tub, 
for it always frightened the poor things almost to 
death, and I was often tempted to leave the door open 
and set them free, not knowing, in my ignorance, that 
they would be quite incapable of finding a living out 
of doors, after Velne reared in cages. To me a bird 
was a bird, ¢. ¢., a creature with wings, and I thought 
he ought therefore to fly at his pleasure whithersoever 
he would. In time my birds died one after the other ; 





CHRYSEMYS PICTA. 
Figs. 1, 2, normal form ; 3, 4, form with two heads. 


to the right, the left to the left, is to start off resolute- 
ly in these two directions at once, the rather remarka- 
ble resultant of the two forces in opposite directions 
being a straight line directly backward : they make 
progress for a foot or two in the wrong direction, then 
agree on a course and start off together. In the grass 
or weeds they are quite helpless, because when a stalk 
of grass is encountered, one head chooses the right 
course, the other the left, that is, they straddle it, and 
being equals in strength, neither side succumbs, so they 
stand there tugging away until tired out. 

It is interesting, though not surprising, that two 
heads so nearly one should have different tempera- 
ments. The right head, on most occasions, is the more 
timid and irascible, retracting or dodging. at a passing 
fly or the approach of a strange anima he left head, 
on the other hand, seems bold and energetic. It is 
dificult to conceive of any two individuals growing up 
under surrounding circumstances more completely 
identical than these. Yet, like the South Carolina 
hegresses, called the two-headed nightingale, the differ- 
ence in their dispositions furnishes new evidence that, 
though the origin and environments be precisely the 
same, the results are not necessarily so. 

To what extent the digestion, respiration, cireulation, 
and nervous systems are united or separated is at pres- 
ent only open to conjecture. The alimentary canals, 
in all probability, beeome united in one stomach after 
leaving the two necks, and remain so to the anus, 
which is single. I have noticed that while the two 
heads eat equal amounts, yet at one feeding the left 

ead, perhaps, shows the greater appetite, at another 
time the other. But no risks ean be taken by experi- 
menting with such a pet, or we could feed one at the 
expense of the other for ashort time. By watching 
the expansions and contractions of the throat, where 
the hyoid plays so important a part in chelonian respira- 
—5 we find that each of the heads breathes regularly, 
ut independently, as much so as if they belonged to 
disconnected individuals. At regular intervals they 
ean be seen opening their mouths and gaping, as if the 
mbply of oxygen was insufficient, as it doubtless is. 

his is their only visible sign of weakness. 

As already stated respecting the nervous system, it is 
Pentectly patent that the appendages of the right an 
= sides belong to, and respond only to, their respec- 

eheads. So noticeable is this independence in the 
action of the four feet, which otherwise seem to belong 
hatarally enough to the one carapace, that many who 
see its attempts at walkjng are led to “ wonder if the 
er legs of the double shell are not growing inside.” 
There seems to be absolutely no co-operation between 
left side aud the right, and yet they repeatedly start 





having no sand, one of them got crippled feet, another, 
from hanging in a draught, took a cold from which he 
never recovered ; still others died from one accident 
or another, and these experiences - discouraged me 
altogether in trying to make pets of birds. They 
seemed to me unhappy in their prisons, and I could 
not, long enough, forget the injustice of holding so 
free a creature in confinement, to be able to enjoy 
either their pretty ways or delightful songs ; and I felt 
too much compassion for them and had too much re- 
spect for their wild nature to make any efforts at tam- 
ing them or in teaching them not to fear me, believing 
that every effort of mine in that direction would be 
simply a species of torture to the poor little animals 
themselves. Thus I was deprived, for many years, of 
a pleasure which I now consider not only lawful, but 
beneficial to a ae degree; for the study of and com- 
ionship with the least of God’s creatures is enno- 
ling to man, and birds are by no means the least ; on 
the contrary, I consider them the most beautiful and 
charming of all the animal creation. 

The first person who introduced me into the real bird 
world and drew my vie pry into close connection 
with the songsters of the air was my husband. He 
procured a starling, and, by my advice, clipped his 
wings. I say by my advice, for since he insisted that 
the bird would become so accustomed to us that he 
would, in time, eat out of our hands, I was in great 
haste to bring about this happy consummation, and to 
experience the joy of having a bird which could under- 
stand the kindness of my feelings toward it and which 
would not be afraid of me. So we clipped poor star- 
ling’s wings and gave him a perch in the corner of the 
kitchen, where his food and water and a box of sand 
were placed. But he had a fancy for wandering in the 
bedroom and parlor, both of which were too nicely 
furnished to admit of this familiarity on his t ; then 
he was fond of — on the stove, which resulted 
in his feet getting badly burned one day. So that we 
finally removed him to a small room of his own and 
shut him in. My husband, who is an enthusiast in 
whatever he undertakes, was not satisfied with procur- 
ing me a starling. He purchased two or three canar- 
ies, a mulet, several small African birds, and a paro- 


d | quet, and I began the study of birds in real earnest ({ 


was going to say with a vengeance), for it was consider- 
able of a task to attend to them all in the morning, 
especially as we were constantly changing them about 
from cage to cage in order to experiment with them. 
My sympathies were often outraged in this—what I 
then deemed—cruel exercise, and many an indignant 
expression esca; my lips when I saw the little crea- 
tures distur and frightened day after day, all for 





our pleasure. But they soon became so accustomed to 
it, that they would scarcely be out of the hand (which 
held them tenderly and without hurting them in the 
least) before they would break out into loud and 
joyful song. It took mea long while to learn how 
to catch and hold a bird without awkwardness and 
danger, for the least pressure is injurious to these ten- 
der little creatures ; yet I learned it in time. Our birds 
all became very tame and very fond of us in the course 
of a month, and Mr. Starling was permitted to make 
a visit once a day to the rooms where the smaller birds 
were kept, and they soon camé to know him and not 
to be afraid when he walked over the tops of their 
cages ; but generally, after visiting them each in turn 
and pecking at their food through the wi he would 
mount upon the mantels and begin to admire himself 
in the glass, when, of course, he had to be removed 
again to his lonely room. hen we had owned him 
for about a month, and had given up all hope of his 
whistling for us, my husband called to me one day to 
step softly into the hall. I did so, and what was my 
surprise to see the bird (the door of his room being 
slightly ajar) with his neck stretched at full length ut- 
tering the most comical medley of strange sounds I 
had ever heard! Iwas charmed, and ventured further 
out into the hall where the bird could see me, for I 
wished to try whether or no wy presence would disturb 
him. I thought of course it would, and expected to see 
him sneak away into his box, where he was wont toretire 
whenever soos one approached ; but my expectations 
were deceived. When he saw me, the vain creature, 
evidently flattered by the interest which I took in him, 
stretched his neck still further and continued his weird 

rformance with renewed zeal; first giving a long, 
oud whistle in an extremely high key, then a rattling 
noise came from his throat, like the sound of water 
when the faucet was turned on, and this he kept up for 
a full minute,then gave one or two sweet notes, fol- 
lowed bya series of ee | little barks, perfectly re- 
sembling those of a small dog that was frequently 
heard from the rooms adjoining ours. 

These accomplishments must have required consider- 
able practice, and the bird must have been exercising\ 
secretly for some time in order to give us asurprise ; for 
we had never heard so much as a note uttered by him 
before ; and he had constantly played the part of a 
bashful and sulky bird, always ae from us and 
running away on every occasion as if he disliked our 
company ; while from that moment he was as amiable 
and friendly as any bird could be. It was a long time, 
however, before he learned to take worms from our 
hands, and, in fact, he never did it willingly. My hus- 
band would press one finger on his toes, which he dis- 
liked so much that he would jump upon the finger 
(being cornered and not daring or rather kuowing it 
was useless to try to get away), and when perched upon 
the finger he would then—also, because he believed 
he would not get it at all—consent to eat a meal worm. 

He proved to be a very hearty bird, for after this we 
were obliged to keep him in os warm room for 
some time and then suddenly change him to a cold one 
in midwinter, which I fea would kill him, but from 
which he seemed to suffer no inconvenience whatever. 
This cold room was composed of glass, being meant for 
a conservatory for plants. Toward spring we put a 
great number of plants in it and also several birds ; 
allowing them to go in and out of their cages among 
the pots as much as they pleased. The starling pre- 
ferred his cage mostly, asit protected him from the an- 
noyance of having his toes pressed, the perch being too 
high to render that pastime ible, and he only 
came down to take a look at the cats now and then, 
several of which used to climb upon the window sill 
and, with swollen tails and wild eyes, glarein upon the 
birds. The small birds always flew up and hid on the 
ledges of the woodwork at the top of the conservatory 
when the cats made their visit, but the starling was 
sure to come down and walk —— about, as if most 
unconcerned, and as if taking special delight in teasing 
the enemy, knowing full well that the glass was a per- 
fect protection. There were folding glass doors open- 
ing from the conservatory into the back parlor, and' 
other folding doors from this room into the front par- 
lor, and frem the latter room I was able to see, without 
disturbing, all the movements of the birds. 

In the month of May, Mr. Starling walked out of the 
conservatory window, which, by some accident, was left 
open, and though he wandered for some time about 
the neighboring gardens, [ was unable to coax him back 
into the cage. This distressed me exceedingly, as I 
feared he would not be able to fly, for his moulting 
time had not yet come round, and his wing feathers 
had had no chance of growing out since we had clipped 
them. But after an hour or so, he mounted to the 
highest branch of a tree that stood in the garden, 
where he whistled a succession of sweet notes which he 
had lately learned of the robin, andI then had the 
pleasure of seeing him fly off to a great distance, quite 
as easily as if he had had his wing feathers renewed ; 
and as sorry as I felt to lose him, I could not but re- 
joice for the poor bird’s sake that he was again enjoy- 
ing the bliss of freedom. My husband, of course, was 
as sorry to lose him as I had been, especially as he 
had afforded us much amusement latterly by his an- 
tics in imitating the: paroquet. His admiration for 
this haughty bird seemed to be unbounded, and he 
would follow him about, perching beside him on the 
cage, imitating his postures to perfection, and drawing 
in his feathers and dodging out of the way if the par- 
rot, by accident, turned his head toward him. No 
doubt, he would, in time, have learned his noisy lan- 
guage, which would have been anything but agreeable 
for us. As for the paroquet,we never became attached 
to him, because he persisted in his disagreeable ways 
to the last, and refused to make friends with us or to 
take the least notice of any of the smaller birds. He 
would march about the rooms, ignoring everything 
and everybody, throw out all his food and snap at us 
if we came near to him. I once snatched him from 
the fire, and no doubt saved him from a horrible death. 
He showed his gratitude by refraining from biting my 
finger, when I placed it in his mouth, but he still con- 
tinued to * and pretend he would bite, on every 
oceasion. A little robin was the favorite of all our 
birds, and as he had been for nine whole months con- 
fined in a very small cage before my husband, seeing 
him, took pity on him, and brought him home, where 
he immediately set him free, the little creature 





seemed never to be grateful enough, but to consider it 
his duty to show his gratitude whenever he could, He 
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also undertook to dictate to us and to take upon him- 
self the responsibility of caring for the other birds, 
especially those that were kept Tike the tiny Africans 
in cages. If he thought we bothered them too much, 
he would begin to scold, but if they were attended to, in 
his opinion, correctly, he would perch upon their cage 
and sing. He slept upon a little branch of holly whieb 
was fastened at the head of our bed. 
patiently in some other place until our usual bed time, 
when, if we made no move to retire, he would begin 
vehemently to scold, always curtseying at each tschip! 
tschip! by bending his head low and lifting his tail 
high in the air. He always came down to eat at meal 
time, was very fond of nipping bits of cheese from the 
late, and when he had no appetite he would pretend 
© eat, fixing his eyes upon one of us to see whether we 
were pleased. If I held a meal worm between my fin- 
gers, he would come from the farthest corner of the 
room and light upon my arm and take it from my 
hand. Sometimes when my husband was reading, he 
would perch upon the book or newspaper. Especially 
was he pleased when my husband came home with par- 
cels in his hand. The robin would come down from his 
high seat and light upon each parcel or walk around 
them on the table, singing to each separately. 
Finally we parted with all of our birds except the 
robin, as we had to move and found it a great trouble 
to take them with us. The robin was delighted, and 
sang much louder and came to us much oftener than 
before, for he was very jealous of the other birds, es- 
pecially of a mulet and padda which we had added 
to our store. About this time, too, he fell in love with 
his own image in the glass, and would throw back his 
head and sing the most wildly enchanting songs to it. 
He came to understand everything we said. If, for 
instance, I waved my hand toward the back parlor and 


said, ‘‘Go in, Bobiny,” he would aan mg | obey. 
This dear little bird died while moulting. found 
him one day lying at the bottom of theaviary. Proba- 


bly he had a fit. We were never as uch attached to 
any other bird as we were to him, for his ways were 
exceedingly winning and sweet. Yet with all this he 
once acted very selfishly. Some one had taken two 
poor baby robins from the nest and afterward, not 
knowing what to do for them, had brought them to us. 
We put them on the floor, and they immediately began 
following Bobiny about the room,sereeching with wide- 
open bills and their wings quivering like a leaf fluttered 
by the breeze. We placed some meal worms within 
reach, thinking our bird would feed the young ones 
with them, but he ate the worms up, regardless of all 
protests from the orphans, whose screams and flutter- 
ings became every moment wilder. Presently he se- 
lected a dead worm from among the live ones in the 
jar, and took it to one of the infant birds, which, of 
course, was unable to eat it, and having apparently 
satisfied his conscience, flew up out.of their reach and 
refused to have anything more to do with them. They 
were both dead the next morning, to our sorrow. 

We had two robins after we lost this one, one of 
which we kept in the aviary, while one flew about the 
room. They used to amuse themselves by fighting 
through a hole in the bottom of the cage, just large 
enough to admit of their heads reaching each other. 
The linnet has over been a favorite of mine since I first 
heard his song,Jwhichjis more cheerful than that of the 
robin and has more variety; but the linnet is shy and 
does not become easily attached to human beings ; 
nevertheless, we have had two linnets which became 
very much attached to us. One of them died from the 
effects of a broken leg, and one we were obliged to 
leave with friends on our departure from England. 
The latter we had for three years in a very large cage, 
destined to hold several birds, and of course we made 
a great pet of him. He used to answer me when I 
spoke to him and we held many conversations together 
during the long, tedious hours when my husband was 
away on business. At last we got him a companion; 
this was a little goldfinch, of a very lively and sweet 
disposition, and they lived quite happily together. But 
if | tried to talk with the new bird, the linnet would 
look at me with the most unmistakable expression of 
jealousy and wounded pride, and in a tone which was 
decidedly reproachful, begin to complain and to chase 
Finchy about thecage. This linnet was terribly afraid 
of cats, and although he was a magnificent singer, he 
nearly lost his voice, on account of the frights he had 
at several different times from the cats, that abound 
in every house and street of London. 

The chaffinch seems to be an amiable, lively bird, but 
we had ours too short a time to study his character to 
any extent. However, we discovered that he was almost 
as jealous of other birds as the robin, though not half 
so sensitive, singing at the top of his voice all day long, 
while the robin, on the contrary, would frequently 
»out for hours when something happened to displease 
1im. Among the tiny African birds which we kept, 
there was one which sang a very pretty song, starting 
at a high note and running down into a very low key. 
He was not larger than a walnut, but very straight and 
proud. We liked these tiny birds mostly for the en- 
dearing way they had of all snugging up close together 
on the perch whenever they were not eating or bathing, 
and they were beautiful on account of the richness of 
their plumage, which, in some, was of a shaded orange, 
in others of a scarlet dotted with white and black. 

The chief things necessary to success in keeping tame 
birds is to keep their cages clean, with plenty of sand 
on the bottom and a good supply of bath tubs. The 
sand is necessary to preserve their feet from scales, and 
the bath for their general vigor and health. Then 
every bird has a preference for certain kinds of food, 
which should be given him in moderate quantities and 
kept in a dry and clean place. 


goldfinch, need entertainment, and it has given me 


many a pleasant hour to watch this beautifal little; and found them very charming birds. 


He would wait | 


| 
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padda, however, was always ready to sing, and his 
earthen-like notes, althongh they sounded strangely 
among the melodious songs of the robin, the mulet, the 
canary, and the linnet, were never unpleasing to the 
ear. 

The canary is the least interesting to me of all caged 
birds, for he seems not to sing from the happiness of 
his heart, but rather from a desire to display his talents, 
while he is too selfish or too spoiled to form very strong 
attachments. We had one green canary, however, 
which had been caught in a wild state, and we found 
him very different from those which had been reared 
in cages. We cured him of crippled feet by keeping 
him for an hour every morning in a traveling cage 
standing in lukewarm water. Hissong improved won- 
derfully after his feet were well, and he became greatly 
attached to us. He was very fond of being talked to, 
and would not permit his mate (a yellow female) to re- 
spond, but quickly shat her up if she made any effort, 
by pecking her on the head. This female canary he 
liked exceedingly, and would cry and show great dis- 
tress if she left his side, yet he wished her to keep in 
her place, and gave her plainly to understand that it 





COLOSSAL 


was not becoming for her to reply when she was not 


Some birds, like the| spoken to. 


We have kept both the thrush and the lark in cages, 
The thrush was 


bird pulling to pieces certain flowers, such as the sweet | taken from the nest, and proved to be of an —— | 
l 


pea or the corn flower, in order to get at the honey con- 
cealed in their folds. 

The goldfinch is very handy with his feet, and uses 
them both for climbing about like a monkey, and also 
for holding anything, like a bit of watercress or piece 
of chick weed, while heis eating it. His song islow and 
sweet, not brilliant. One other bird, the Java sparrow 
or ‘ padda,” we liked very much. His song is peculiar ; 
but we found him an interesting bird on account of his 
intelligence and affectionate disposition. We would 
hear his weird song at the first break of day, and long 
before that of the other birds, who mane preferred 
eating their breakfast before giving thanks, The 





sentimental disposition, singing unconsciously when 
was confusion around him, and never seeming to be 
aware of his confinement. He once or twice escaped 
from the aviary, which was not a very large one, and 
went tumbling about the room in the most awkward 
manner, not knowing what use to make of his freedom. 
It was very painful for us to part from this bird; but 
ill health necessitated our giving up our rooms in Lon- 
don and going to the seaside ; and we found it impossi- 
ble to take any birds with us there. 

The ~~ of which there are hundreds kept in 
cages in London, and may be heard singing all winter, 
as you walk through certain streets, we kept but a 





FIGURE OF BUDDHA ON MANDALAY HILL. 





— — 
short time imprisoned, for it seems exceedingly cruel to 
keep this bird, who so loves to soar heavenward 
seems to mount upon the very wings of his song, in egg. 
finement at all ; and in Germany, where birds are most 
loved and studied, it is almost unheard of. However 
| we found to our surprise that the lark soon | : 
| tame, and seemed contented and happy. We enlarged 
| his cage so that he could walk about, bathe in the 
| sand and rest on a bit of turf provided for that Purpose, 
) He sang for us in the course of a few days, but bej 
one day frightened by the cat, he stopped singing, 
we then concluded that we would be happier if we 
were to let him go ; so we set open the door of his 
and he mounted high in the air and was soon out of 
sight. 

This is a brief report of my experience with European 
birds, With American birds I have as yet had no ex. 
perience, but hope to become acquainted with many of 
them before we return to the old country. Dec, 


STATUE OF BUDDHA. 
THE hill that rises behind the city of Mandalay is 
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| covered with sacred groves, monasteries, pagodas, and 
| temples of Buddha, occupied by at least ten thousand 
| servants of religion, most of them living in convents, 
| bat not without plenty of wives and children. Some 
| of the temples are very large and of stately architect- 
ure, constructed either of solid masonry or of teak tim- 
ber, elaborately carved and gilded. The one called 
“The Incomparable,” which is untinished, standing on 
the summit of a series of square terraces, is entered by 
gilt deors, and contains two lofty halls, having pillaré 
|all round coated with gold leaf, which glitter in the 
light of many chandeliers of stained glass, apparently 
of European manufacture. The seated image of Gau- 
tama Buddha in this temple is 30 ft. high and is gilt all 
over; a large diamond was formerly stuck in the fore- 
head between the eyebrows, but this gem has beet 
stolen. re are many other images of the same di 
vine personage at Mandalay, and hundreds of shrines 
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sacred figures, or tablets inscribed with the re- 
contain precepts of the Buddhist faith. The phoon- 
who shave their heads and wear yellow robes, 
2 ¢ collective wealth in the landed estates be- 
to their various corporations. — lilustrated 
Jondon News. 
HOW PLANTS ARE FERTILIZED. 
BABLY most of us are familiar with the pollen of 
ts, however little we may know of its nature and 
use. Even the most unobserving of people can scarce- 
ly fail to notice the showers of yellow and reddish pol- 
jen shed by the lilies, and many a one has had a very 
close acquaintance with it, when, in his rness to 
eateh the odor, he has put his face too close to the flower. 
In fact, so abundant is the pollen, and so easily shed, 
that florists clip off the stamens before placing the 
lilies in the market. To the naked eye the pollen ap- 
like very fine dust, usually yellow or brown, but 
oceasionally whitish or even pink. It seems to be the 
e in size and form in every flower, so that one is 
almost entirely unprepared for the wonders revealed 
by the microscope. nder a powerful lens the yellow 
dust is seen to be made uP of myriads of tiny globes, 
some nearly transparent, others filled with a granular 
substance. They are of a great variety of shapes, 
hardly any two being exactly alike. Some are round, 
others oval ; some have their outer coat smooth, while 
we find many covered all over with prickles, as in the 
asters, forexample. Others show belts of membrane 
covered with sharp points. The most common forms 
show three of these belts. In the accompanying draw- 
ing, Fig. 1, this may be seen in the spring beauty, a, 
oxalis, c, and willow, h. The common succory (Cichor- 
ium intybus), a familiar blue flower in many fields, and 
a nuisance to boot, has globular grains, each with a 
network of ridges around it, each ridge rising into 
jagged teeth on the outer edge. 

Another curious form is that seen in the bear berry, 
d, and, it is said, in all other members of the heath 
family. Here we have four smooth grains united into 
one. Again, some grains show a central body with 
several sinall projections from the angles. Such grains 
may be seen in the evening primrose family and in the 
Shepherdii, f, among other plants. In some the pro- 
jeotions may be larger than the central mass. Other 
common forms, seen in the accompanying illustration, 
are the trillium, g, hyacinth, e, and poplar, k. There 
seems to be no end to the variety of forms of the grains, 
though in — cases the species of the same genus 
seem to be nearly alike. Still this may have but little 








significance, for some plants of the most diverse fami- | mp 


lies have pollen grains very similar. Just why these 
particular forms have been developed is a puzzle. 

The roughness of the outer coat of the grain was 
mentioned above. That brings us to a more minute 
stady of the structure of the grain. We find it to con- 
sist of a sac surrounded by two coats, the outer of 
which is always nearly or quite perforated in one or 
more points. The interior is filled with more or less 
granular and dissolved food matters, such as starch, 
oil, sugar, and dextrin. A nucleus can generally be 
found in the grains, and in some two. 

As to size, they vary greatly, though the grains of 
the same species are usually pretty uniform. The 
largest yet examined by the writer were those of a 
“snake cactus,” which were about 1-265 of an inch in 
diameter. The smallest were those of the common 
hazel nut, which average only 1-1050 of an inch. 

A very interesting fact is that some plants have two 
orthree forms of flowers, differing principally in the 
length of the style and of the stamens, and that 
polien from the two forms differs in size and perhaps 
slightly in form. More wonderful still is the fact that 
the pollen of the short-styled form has very little if any 
effect on the flowers of the same sort, while it readily 
affects the stigmas of the long-styled form. 

We know that the work of the pollen is to fertilize 
the — 4 seeds or ovules in the pistil, but how 
many can tell how it is done? About the time of 
flowering there appears in the ovule a little sac, lined 
with delicate membrane, and containing a tiny globule 
of gelatinous matter—the germ of the future plant. 
Now this germ has, in itself, no power of growth. It 
needs to be fertilized by the pollen or it never develops. 
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Fig. 1—-COMMON FORMS OF POLLEN. (Largely 
Magnified.) 





But the question at once comes up, how does the pol- 
len get at the ovule? It can be seen sticking to the 
stigma, but that is often along * from the ovules, 
and raised high on a slender style. Since it cannot get 
down to the ovule, it does the next best thing. From 
its inner coat grows out a tube, long or short, as the 
case inay be, and through this flow part of the contents 
of the cell. This tube, as it lengthens, pushes its way 
down through the substance of the style till it comes 
to the ovule, and at length reaches the sac of which we 
vespoken. Here its contents become united in‘some 
Way with those of the germ cell, which now begins to 
ktow. The first step in this growth is a division of the 
Single cell into two. These new cells keep on forming 
th @ same way till we soon have the perfect form of 
he plant in miniature, still in the ovule, which has 


now become a seed, capable of producing the new! course of time, devised by plants in order to insure 


plant as soon as it is placed under proper 
In some plants the pollen tube must gain a great 
length in order to reach the germ cell. One of the best 
examples is the “Indian corn.” In this, as every one 
knows, the tassel on top is a cluster of many small 
fiowers, bearing only stamens, while the cob with its 
ns represents a spike of ri fruit formed from 
owers bearing only pistils. The silk is the style, and 
in order to reach the grains, the pollen must fall on it 
and must send its tube down through the whole length. 
It is evident that the grains at the of the cob have 
much longer styles than those at the tip, but, being on 
the outside of the tuft of silk, they stand a better chance 
of catching pollen grains. The grains at the tip are 





Fie. 2.—POLLEN GRAINS OF WILLOW, 
SHOWING TUBES. 


usually less well developed than the others, partly, 
perhaps, from their unfavorable position in the cluster 
of silk and partly because they mature later than the 
others. Notwithstanding these facts about corn, we 
can readily see how a hard rain storm, when the corn is 
just in tassel, may ruin the crop. The rain washes the 
pollen from the styles, and by the time more reaches 
them they have p their omy stage. The 
germ cell, then, never develops, and the ovules never 
become seeds. 

A still more wonderful plant, at least as to the growth 
of the pollen tubes, is the night-blooming cereus. 
hose who have seen this know that down its pure 
white bell reaches a snowy white style five or six inches 
long, perhaps more. Of course the pollen has to send 
its tubes the whole — of that. ow the wonderful 
thing is that, inasmuch as the flowers last only a single 
night, the pollen tubes must grow to the ovule in the 
course of afew hours at most, since, as a rule, flowers 
do not wither till their work is done. 

Any one who has the use of a compound microscope 
ean easily watch the growth of pollen tubes for him- 
self. There is no difficulty at all in making them grow. 
All that is necessary is to shake the pollen from the 
flowers into a solution of cane sugar, and set itina 
moderately warm place. Then examine it carefully at 
frequent intervals with the microscope, and you can 
trace the different stages. Or you can sow a new lot 
each day and get all the stages before you at once. 
The writer has had greater success with native plants 
than with cultivated ones. A plant whose pollen 
shows very vigorous growth is the willow. Some 
grains sowed in the evening were by morning literally 
matted together with long tubes, so that it was almost 
impossible to draw them. Fig. 2 shows some of the 
stages in the growth of willow pollen, quite highly 
magnified. 

Another point of very great interest, but one which 
we can touch only briefly here, is the manner in which 
the pollen is spread. In many * it is oarried by 
the wind, especially in trees and shrubs which bear 
thin flowers, high in the air. These we find, as a general 
rule, have small and inconspiauous blossoms. In most 
plants, however, the carrying of pollen is performed 
by insects, and to that end flowers have their bright 
eolors, while there is no end to the wonderful contriv- 
ances for letting in the right insects and keeping out all 
others.—L. NV. J. in Country Gentleman. 








A BOTANICAL ATROCITY. 
By MILLER CHRISTY. 


AMONG all the many ingenious contrivances for ef- 
feecting her various ends which Nature makes use of, 
none are of a more fascinating interest to the student 
than those by means of which the flowers of plants are 
fertilized and their seeds distributed over the ground 
to spots where they may hope to obtain a foothold— 
or, to speak more correctly, a roothold. 

We are all of us accustomed to speak glibly of the 
‘*struggle for existence,” and we are apt to think that 
nowhere throughout the whole wide range of nature is 
this struggle more severe than in the case of our own 
exalted species,in these days of excessive ‘‘ competi- 
tion” and ‘‘over-population.” But a little reflection 
may well lead us to doubt whether this is really so, 
and even to perceive that the struggle is much keener 
with many other species than with ourown. How 
many, for instance, of the nine millions of ova found in 
the roe of a single codfish ever produce a mature fish ? 
How many, again, of the tiny wriggling tadpoles that 
blacken the margins of our country ponds in spring 
ever attain maturity as full-grown frogs? And what 

roportion of the seeds produced by any one plant or 

ree ever finds itself so fortunate as to be able to take 
root and grow, unsmothered by the surrounding vege- 
tation? Probably, in all these cases, not the one hun- 
dredth part survives to reach maturity. Were it other- 
wise, indeed, the ocean would quickly become packed 
solid with codfish, the land overrun with frogs more 
numerous than at the time of the second Egyptian 
places. and the surface of the soil entirely concealed 

ya dense mass of impenetrable and tangled vegeta- 
tion. An “ infant mortality ” so prodigious, in our own 
species, would certainly appal even the soulless 
mind of a registrar-general. 

If, then, the struggle for existence is so severe in 
nature, it can hardly be wondered at that many ex- 








ceedingly ingenious contrivances have been, in the 
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the wide dispersal of their seeds, so that each may en- 
joy as a chance —— of alighting upon some 
spot w there is s t room for it to germinate 
into a healthy plant. It may be truly said that, asa 


general rule, all living things the chief aim and 
object of their lives is the on of their species 
by means of offspring. th plants this is well wn 


by the extreme ingenuity of many of the contrivances 
for insuring proper fertilization, and the consequent 
production of good seed. And it may, I think, be said 
with equal truth that second only in importance to 
this great function, the production of seeds, comes the 
proper dispersal of those seeds, to which end weed 
almost equally ingenious devices have been adopted. 
Very many seeds are furnished with minute hooks 
which fasten themselves on to the wool of passing 
animals, and thus accomplish the great end in view ; 
others are uliarly adapted for dispersion by means 
either of wind or water; others are sca’ broad- 
east after passing through the intestines of birds ; 
while many plants have actually developed means for 
throwing their seeds to a greater or less distance. 
There are even some seeds which, in thus effecting 
their own ends, do so at the expense of living animals ; 
but no known seeds, probably, employ means more 
atrociously and barbarously cruel than those employed 
by the of a species of grass known as Stipa spartea, 
which is excessively common over a large extent of the 
North American prairies. Briefly described, this 
villainous instrument is nothing more or less than an 
automatic vegetable corkscrew, with an exceedingly 
sharp point, and capable, by its own action, of boring 
itself into the bodies of living sheep and other animals, 
and of finally killing them by so doing. 

The plant —— this ‘‘instrument of torture” 
has a very wide range of distribution in America. It 
inhabits the drier portions of the — and prairies of 
the West, aimost, if not quite, from the Mississippi 
River on the east to the Rocky Mountains on the west, 
and from Texas and Mexico on the south to the lonely 
Peace and Saskatchewan Rivers on the north. The 
great and only redeeming feature in its character is 
that, for purposes of pasturage, its leaves are more 
succulent and valuable than those of any other of the 
prairie grasses, and that, although too short and tus- 
socky to be made into hay, they formerly provided the 
buffaloes with their chief winter forage, and now per- 
form the same office forthe tame cattle on many a 
Westernranch. On this account it has received, amon 
other popular names, that of ‘‘ buffalo grass »—indeed, 
its range in the west of America is pretty nearly co- 
extensive with the ancient range of the buffalo. 

During autumn, winter, and spring, the buffalo grass 
is in all respects a most morai and respectable plant ; 
but early in the summer, it begins to plan evil ways. 
First of all it throws up three or fonr tall flower stal 
each: about a couple of feet in height, and bearing six 
or seven of the horrible instruments of torture already 
mentioned. These ripen about the middle of July, 
and forthe next two or three weeks make themselves 
troublesome, not only to the lower animals, but also to 
man, in districts where the plant grows abundantly. 
It now is fully launched upon its evil ways, and begins 
to deserve its other popular names, as ‘ spear grass,” 
‘* oat grass,” “‘ go-devil oat,” * wild oat,” ‘‘ needle grass,” 
etc. As one walks over the prairie at this time of th 
year, suddenly there comes a sharp prick, as of a pin, 
on the leg, just above the ankle. Stop one must, to 
investigate the cause, or the pricking will become 
more severe, and then the traveler finds that one 
of these seeds, and very often several, has bored its 
way clear through one’s trousers and sock till it has 
reached the flesh. With man it is an easy matter to 
prevent the mischief going any further, but the case 
is very different with sheep, woolly-haired dogs, and 
other animals. Those cannot rid themselves of the 
“spears” the moment they begin to prick, and in time 
the consequences begin to be serious. There is no 
question that the seeds are able to penetrate the skin:, 





AWN OF STIPA SPARTEA (IN ITS DRY 
OR TWISTED STATE.) 


and bury themselves deeply in the flesh of these 
animals. When this is done, death sometimes super- 
venes, though oftener as a result of the extensive ulcera- 
tion thus set up, than asa result of the direct action of 
the seeds. 
Next, a word as to thestructure of these unpleasant 
natural tormentors. In general appearance a complete 
seed—or, to speak with greater botanical precision, a 
complete “fruit”—a good deal resembles a twisted 
piece of wire having several slight bends in it and being 
rather thicker in some places than in others. The seed 
per is elongated, brown in color, somewhat less 
than an inch in length, and generally not very unlike 
a harmless oat initsappearance. At one end, however, 
it is provided with an excessively fine, sharp point, 





surrounded with many delicate barblike hairs, point- 





10694 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 669. 


Ocronen 27, 188%) 








ing backward ; while at the other end it is produced 
into a stiff, slender awn, or shaft, rather less than two 
inehesinlength. This portion is usually quite straight, 
though always ———— up upon its own axis, 
seven or eight revolutions being usually observable. 
At the top of the shaft there is a’bend, usually some- 
what larger than a right angle, which is termed the 
‘lower knee,” and in about half an inch another sharp- 
er bend, which has been called the “ upper Knee,” after 
which the awn is still further produced into a stiff 
tapering bristle, somewhat less than three inches in 
length, entirely untwisted, and set with many exceed- 
ingly minute bat sharp teeth, all pointing backward. 
The whole apparatus, for sach it may be called, is thus 
about six or seven inches in length. A glance at the 
accompanying illustration, however, will give a clearer 
idea of the seed than the most elaborate description. 
The foregoing is a description of the instrament when 
in a perfectly dry state. On its becoming wet, the 
“ hygrometric action” of the awn (as it is called) comes 
into play, and the appearance of the whole contrivance 
quickly becomes changed. The shaft then begins to 
untwist, the knees commence to straighten, and ina 
short time the whole awn becomes perfectly straight 
from end to end, so to remain until it is again dried, 
when the former twisted and bent condition is resumed. 
This curious power of untwisting and straightening 
itself when moistened, and of again twisting up when 
dried, seems to continue for an almost indefinite time 
—probably until the awn commences to undergo 
natural decay. It is a power which is also possessed, 
though in a less fully developed degree, by various other 
seeds. In most, if not all, of the members of the genus 
Stipa, in several other grasses, in some of the Erodiums, 
and even in the common wild oat, this curious hygro- 
metric peculiarity of the seed is observable. 

Let us examine how this power aids the seed in its 
nefarious designs. It is in this way. Suppose a ripe 
awn, in its dry or twisted state, to have become en- 
tangled in the wool of a sheep, or to have fallen among 
the grass. It there remains inactive, until moistened 
by a shower of rain or a heavy dew. Then, as we 
know, the shaft commences to untwist, rotating the 
point of the seed ; for, as the bristle or arm of the awn 
forms at first a right angle with the shaft, it is certain 
to catch in the grass or wool, and thus prevent the 
head of the shaft from revolving as it untwists. But 
all this time, as we also know, the ‘‘ knees” are straight- 
ening, raising the arm and causing it to press upward. 
In rising it will probably press against a blade of grass 
or catch in the wool, its many fine teeth affording it a 
more or less firm hold upon either. Under these cir- 
cumstances, the continued efforts of the arm to rise 
will have the effect of pressing forward the revolving 
point of the seed, causing it to penetrate slowly and 
by degrees into the flesh of the animal, the ground, or 
any other sufficiently soft substance which may be 
opposed to it. Thus our automatic boring apparatus 
will be in full operation. Having penetrated to a 
slight depth, the barb-like hairs round the point pre- 
vent it being withdrawn when the awn retwists on 
again becoming dry ; so there it remains, ready to pene- 
trate further and further as often as succeeding drought 
and moisture cause the awn to twist and untwist 
again. 

There is, as has been already said, no question that 
the seeds are in this way able to penetrate the skins of 
animals and actually enter the body. On the plains of 
the West its possession of this power is well known, 
and I have myself often seen and heard of instances of 
its effect. I have never, it is true, actually seen a sheep 
that had been thus killed, because sheep are not allowed 
to die of it, but arekilled forthe butcher. There is, 
however, not the least question that the seeds have the 





power of causing death, either directly or indirectly. 
A recent American writer, speaking of this subject, 
says that, after the seeds have penetrated the skin, | 
“the awns break off, and the needles penetrate the | 
vital part of the sheep, causing painful Neath. a al 
The points, too, not only enter the body of the sheep | 
in this way, but also stick in the nostrils, nose and lips, 
Bhere. however, they do less harm than when eaten 
afid swallowed into the stomach, in which event death 
must follow.” I have been repeatedly assured when 
“out West,” by butchers and others, that the “‘ spears” | 
are very commonly found beneath the skins of sheep | 
after death—especially about the shoulders ; indeed, I | 
have myself seen them in this position, while I have 
been several times told by settlers of sheep they had 
been compelled to kill, “to save their lives,” as Irish- 
men are supposed to say. I have, moreover, demon- 
strated that the seeds do possess this power by experi 
ment in England. Some seeds, which I placed among 
the wool of two sheep, quickly penetrated to a depth 
of half an inch, after which I removed them, thinking | 
that the animals were probably less interested than | 
myself in the result of my experiment. Indeed, the} 
keeping of sheep on the Western prairies would be ren- 
dered almost impossible, on account of the prevalence 
of this deadiy grass, were it not forthe fact that its 
evil effects can be avoided by a few simple precautions, 
such as a careful examination of the sheep during the 
time the seed is ripe, or “folding” them during the | 
same period, 

But sheep are not the only animals that syffer. | 
Woolly-haired dogs are almost equally troubled, if 

roper care be not taken. I have — such dogs 

aving, like the sheep, to be killed ‘‘ to save their lives,” 
when the whole of the breast and stomach has been 
found to be a masse of ulceration. I have also heard of 
a colly, which came so thoroughly to understand the 
nature of the ‘‘spears,” that he would never enter the 
long grass while they were ripe; while one settler told 


| 


| 


me that he had found it necessary to shave his dog all | 


over when the “spears” were ripe, to prevent their 
catching in his long matted hair. 

Now, could any epithet be too strong to describe cor- 
rectly a seed which conducts itself in such an atrocious 
manner? I think not. It must however be confessed that 
it isalittie difficult to see exactly how the plant is bene- 
fited by its seeds being introduced into the bodies of 
animals. Their dispersal would, it is true, be usually 
assured, but the great object of that dispersal—namely, 
germination— would probably be deterred, unless it be 
that the seed has some strange power of retaining its 
vitality for a Lamy | period after its burial in the flesh of 
asheep. It can hardly be supposed that the seeds are 
intended to grow there, or we should be presented with 
the strange spectacle of the sheep growing their fav- 





orite food on their own bodies! But this is absurd, 


It may, perhaps, be that the simple and beautiful piece 
of mechanism — by the seed of Stipa spartea is 
simply to enable it to bury itself securely in the ground 
where it may take root—to sow itself, in fact ; but if so, 
whatshall be said of the ‘plant which uses such a power 
for stich murderous purposes as have been described ! 
The whole watter is not yet quite cleared up.—Knot- 
ledge. 








HIGH METEOROLOGICAL STATIONS. 


EUROPE cannot compete with the United States in 
the loftiness of its stations for taking meteorological 
observations. There are only two stations on the 
Buropean continent which reach any very great height, 
being about 10,000 feet and 11,000 feet respectively. 
Among the stations in America is Pike’s Peak, which 
has an altitude of 14,100 feet—or only about 1,600 feet 
lower than the summit of Mont Blanc—and exceeding 
by more than 8,000 feet any meteorological station in 
Europe. These great heights are much more acces- 
sible in the United States than in Europe, there being 
five stations in America where a height of 11,000 feet 
or more is reached by railroads built for facilitating 
mining work. The highest of those in North America 
is Mount Lincoln, in Colorado, the mining works on 
which are 14,297 feet above the sea level, and it has a 
meteorological station conducted by Harvard College. 


Another station is placed part way up the mountain, }. 


at a height of 18,500 feet. In the Andes range, in 
Peru, continuous meteorological observations are also 
carried on, the loftiest int for this purpose being 
14,300 feet above the level of the sea. 
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